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Geographical Observation on the Mortality from 
Various Causes of Death on the Basis of 
Age-Adjusted Death Rates in Different 
Countries 


By 
Masanao Kato 
(i #& JE if) 
From the Department of Public Health, Tohoku University, 
Sendai; Director: Prof. M. Segi 
(Received for publication, July 30, 1958) 


The author has calculated the age-adjusted death rates for various 
causes of death in 25 countries (the statistics of U.S.A. being available in 
breakdown for whites and non-whites, it has been counted as two items in 
the list) for the total sum of three years from 1951 to 1953, on the basis of 
the data classified by sex and age presented in the ‘* Annual Epidemiological 
and Vital Statistics, 1951, 1952 and 1953” published by W.H.O. 

The standard population used in the adjustment was the total sum of 
the male and female populations in 46 countries divided by 5 years age 
groups based on the source!’ published by W.H.O. in 1950, and calcul- 
ated by the members of the Department of Public Health, Tohoku Uni 
versity, Sendai-shi, Japan. The age distribution of this standard popula- 
tion, per total of 100,000 of all ages, is made up as shown in Table I. 

The countries and the respective years for which the age-adjusting 
computations were made were as follows. 

1951-1953 Union of South Africa (European population), Canada 
(excluding Yukon and North-West territories), United States 
(White and Non-white populations), Dominican Republic, 
Ceylon, Israel (Jewish population), Japan, Denmark, Finland, 
France, Ireland, Italy, Norway, Netherlands, England and Wales, 
Scotland, Northern Ireland, Sweden, Switzerland, Australia and 
New Zealand 

1952, 1953 German Federal Republic, Portugal 

1951 Mexico 

1953 Austria 

The age-adjusted death rates of 19 causes of death classified in ac- 
cordance with the International Abridged List of 6th Revision 1948, are 
shown in the accompanying Table IT and III, and the rates for the follow- 

l 








2 M. Kato 


nA 
£. QD 
~~ 


TABLE I 


Age Distribution of the Total Sum Population in 
46'Countries in 1950, applied to the Calculation 
of Age-adjustment for the Death Rates in 
25 Countries 





Total 100,000 

O- 4 years 11,626 
5- 9 9,865 
10-14 9,174 
15-19 8,569 
20-24 8,329 
25-29 7,811 
30-34 6,437 
35-39 6,790 
40-44 6,309 
45-49 5,678 
50-54 4,927 
55-59 4,016 
60-64 3,484 
65-69 2,763 
70-74 2,040 
75 years and over 2,183 


ing causes of death out of them were compared geographically. 

All causes, tuberculosis, malignant neoplasms, including neoplasms 
of lymphatic and haematopoietic tissues, diabetes mellitus, anaemias, 
vascular lesions affecting central nervous system, all heart diseases, hyper- 
tension, ulcer of stomach and duodenum, cirrhosis of liver and nephritis 
and nephrosis. 

1. Comparison of age-adjusted death rates for all causes 

The subject death rates are shown in Table II and III. Among males, 
the rate is the highest in Mexico (2,084.4 per 100,000 male population), 
followed by Ceylon, U.S.A. Non-White and Portugal in the order named, 
the above mentioned ‘countries showing death rates over 1,300. Japan 
(1,236.5) stands at the 5th place following them in the descending order 
among the 25 countries studied in comparison. It is found the lowest in 
Norway (709.1). Netherlands, Sweden, and Denmark also stand low in 
the list, having to show death rates of 700.0 level. The rate of Mexico, 
the highest, is about 2.9—folds that of Norway, the lowest. Among the 
female populations, the highest rate is shown in Mexico (1,866.1), too. In 
the next place comes Ceylon (1,500.5), then U.S.A. Non-white, Portugal 
and Dominica following the lead, the above countries having the rates over 
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1,000. Japan occupies the 6th place in the descending order among the 
25 countries, amounting to 984.5, following the above 5 countries. The 
rate is the lowest again in Norway (568.7), and Netherlands, New Zea- 
land, Sweden, U.S.A. White and Australia also show lower rates, being 
respectively on the 600 level. The highest rate shown by Mexico is about 
3.3—folds that of Norway, the lowest. It is noteworthy that Mexico has 
the highest rate and Norway shows the lowest rate, both in male and 
female populations. In all the countries listed in the statistics, the death 
rate is always much higher among men than among women, but in Ceylon 
alone, the female death rate is higher than the male. 

2. Comparison of age-adjusted death rates for tuberculosis 

It is remarkable that the death rate from tuberculosis is far higher in 
Japan than in any of the countries studied, for both the male (106.4) and 
the female (79.2) populations, while the rates in western countries are 
very small. 

3. Comparison of age-adjusted death rates for malignant neoplasms, including 
neoplasms of lymphatic and haematopoietic tissues 

A comparison of age-adjusted death rate for malignant neoplasms 
(all sites) in various countries has been reported by Segi et al.*-”) (1955, 
1957). 

The death rate among the male population is found to be the highest in 
Finland (183.6) and rather high also in Austria, Scotland, Switzerland and 
England and Wales following Finland in the order named, standing over 
150. Then the rate in most countries down to Israel, occupying the 22nd 
place in the descending order among the 25 countries studied, is over 
100. Japan belongs here to the countries with lower rates (113.9) standing 
at the sixth place from the tail-end in the ascending order, but Mexico, 
Dominica and Ceylon show still lower rates, Ceylon showing the exceed- 
ingly low figures of 23.1. 

Among women, the death rate for malignant neoplasms is the highest 
in Denmark (141.4) followed by Austria, German Federal Republic, Scot- 
land, Netherlands, Switzerland and U.S.A. Non-white, the above countries 
showing respectively death rates over 120. The death rate is over 100 in 
most of the other countries. The lowest rate is shown by Ceylon (26.2) 
as was in the case of male population, and Dominica, Mexico and Portugal 
also belong to the group of countries with low death rates. Here the rate 
of Japanese women (91.3) ranks at the 5th lowest place in the ascending 
order, and of course belongs to the group of countries with low rates for 
females. 

4. Comparison of age-adjusted death rates for diabetes mellitus 

As shown in Table II and III, among males, the death rate due to 

diabetes mellitus is the highest in Ceylon (14.4), and U.S.A. Non-white 
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TABLE II 
Age-Adjusted Death Rates by Causes of Death of 
(Rates per 100,000 population. The base for age-adjustment: The age 
yn * - 
5) 4/s ‘Sei : 
Causes of death = S" E & £ 5 $ 
(International = ¥ Ms E & g z = 
abridged list, 1948) % 3 E q 2 8 P = z 
2,2 |aé| 2/4] 2 |S98| 2 
List No. B1,2 B6 B18 B20 | B21 B22 B25-28 B: 
Union of South Africa 1078.4 19.8 1.2 149.0; 6.8; 2.0 83.9 300.1 3 
Canada 940.5 20.5 0.3' 126.9) @5)| 24 S2.2| 344.1 : 
(White 969.0 16.2 0.5 132.1 11.3 2.0 88.6 375.3 4 
ina i 1352.7 56.6 1.8| 128.8 | 11.4) 2.9} 148.3 | 386.2 12 
Mexico 2084.4 63.1 29.2 39.2) F.2 | 4 27.1 121.7 
Dominican Republic 1153.9 64.4 10.7 37.4 | 2.4) 13.4 21.9 74.5 ] 
Ceylon 1440.7 53.5 is.2 23.1 | 14.4 | 39.0 16.2 78.3 
Israel 896.9 19.6 a7, OS) 4.7) +4 93.6 | 215.5 
Japan 1236.5 106.4 13.2 113.9; 334 2) wi 90.6 ] 
Germany 1002.2 28.4 0.1 148.3; 64) 8.6) 15.5) 162.9 
Austria 1056.9 ao. 7 0.02 176.0 4.1 1.8 104.6 207.5 
Denmark 782.0 14.3 0.1 143.7; 3.9 | 2.0 87.2 | 210.9 
Finland 1212.7 86.6 0.1 163.6) 4.7) 3.3) 195.5) 341.6 d 
France 1070.0 54.1 0.2 139.6 6.1 1.4 99.6 163.8 
Ireland 1031.0 60.6 0.1 125.1 a9 | &> 66.6 278.5 y 
Italy 1062.9 38.6 O02) 87.7) FA) SA 123.9) 195.5 d 
Norway 709.1 1 125.4; 5.0; 1.8 79.6 152.2 ] 
Netherlands 730.8 13.4 0.2 143.5) 6.2 LS 72.6 166.5 
Portugal 1350.4 102.7 6.3 76.6 | 5:11 42.5) 499.4) 155.9 d 
England & Wales 1003.9 28.8 0.1 164.7 4.1 2.2 103.2 297 .9 ; 
Scotland 1094.1 37.2 0.2 ia 43° 3:3 125.6; 341.5 y 
Northern Ireland 1013.6 35.6 0.2 i5.2.; 3.9) 38 94.9 312.2 : 
Sweden 768.5 17.8 0.02 117.4; 6.4) 1.9 85.5 206.3 
Switzerland 945.4 29.6 0.01 169.0 8.5. 2.2 96.8 234.6 
Australia 1009.4 19.5 0.4 125.4; 8.1 27 99.5 | 345.2 - 
New Zealand 867.7 18.1 0.1 138.9 } 7.5:) 2: 79.7 | 314.9 ; 
* Neoplasms of lymphatic and haematopoietic tissues included. + Diarrhoea of the new- bor 
(11.4) and U.S.A. White (11.3) followed Ceylon in the order arranged sec 


with very small difference. ‘The rates in the other countries are short of 
10. At the tailend of the list stands Dominica (2.4), and Japan shows the ra 
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Males in 25 Countries, 1951—1953 


age-distribution of the total sum population in 46 countries in 1950) 















5 2 sae |2/| 88 | 3 ic | a | oe 
| §a|se | b!es | ¢2)8 58) | 8 $8 
e [|é5 | 58 |/2) 28 66 6 27 8 | 2 ae 
B28,29 B31 ,32 B33 B34 B35 B36 B37 B38 B45 BE47.48 BE49 
34.3 77.8 8.8 3.6 7.4 19.8 11.8 | 19.2 44.0 74.9 17.1 
34.1 $7.2 pe 2.1 5.6 9.0 5.5 | 184 13.8 84.1 10.8 
44.9 27.2 8.2 1.9 5.1 46° | 12.1 | 18. 10.9 81.5 15.4 
129.4 62.3 \ 3.2 8.0 12.8 9.6 36.1 58.3 114.3 6.7 
3.4 302.4 8.5 2.5 6.5. | 37.6 50.3 32.0 100.6 82.7 1.8 
14.3 83.8 2.4 1.2 10.4 91.5 8.3 16.8 258.7 26.0 8.8 
6.2 | 110.2 2.5 | 0:8 7.4 46.9 5.7 | 14.5 | $99.8 17.6 10.8 
15.8 39.9 6.7 1.8 8.8 23.1 5.8 9.9 67.6 1.1 5 
16.3 85.8 38.4 : af 8.6 59.2 12.0 : 33.2 143.8 yy a 25.7 
9.4 57.0 9.7 ee 9.1 6.5 10.8 9.7 75.5 74.4 21.6 
8.6 54.8 9.3 4.7 9.8 12.2 14.3 7.9 71.9 71.8 »7 4 
16.6 28.8 5 3.4 6.6 3.8 4.6 6.9 14.8 49.2 28.6 
20.0 53.8 7 3.4 13 9.5 3.1 | 13.4 87.4 72.6 28.8 
4.9 58.3 2 2.1 8.0 5.2 | 23.4 | 13.9 | 171.2 68.2 19.6 
22.9 67.2 10.1 ZL 2 6.4 9.5 2.2 | 18.0 | 108.1 3 7 3.3 
26.2 87.7 9.9 3.7 9.9 $8.8 | 18.3 | 11.6 986.1 51.2 9.2 
14.5 35.2 4.4 1.8 a. 3.7 27 9.8 1.9 61.1 9.1 
11.1 33.3 Pe 2.2 4.6 2:5 3.1) 9.8) 43.8 48.3 7.9 
21.9 118.5 19.2 2.0 10.2 145.5 27.4 | 27.2 | 223.2 
33.6 114.9 14.6 2.6 6.0 5.4 =.¢ | 28.9 11.4 41.4 11.0 
24.6 80.9 15.6 2.4 7.0 7.6 3) O28: SES 6.0 6.5 
32.4 78.8 9.9 1.6 5.5 12.1 2.41 | 31.9 44.6 46.2 +.6 
3.2 32.2 10.0 3.0 5.0 2.7 2.7 | 10.4 15.6 52.9 22.0 
14.9 28.6 7.9 4.8 6.5 6.3 15.6 | 11.6 16.6 77.6 28.4 
40.3 49.0 10.5 2.9 6.6 6.6 5.6 | 19.7 20.2 82.6 14.2 
29.4 38.5 10.3 1.9 Te 4.3 2.8 9.4 6.9 62.7 13.4 


born excluded. { Senility without mention of psychosis, ill-defined and unknown causes. 


second lowest rate, next to Dominica, with the low figures of 3.1. 
Among the females, Non-white pupulation in U.S.A. has the highest 
rate to show, amounting to 21.6, a rate notably higher than the next 
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TABLE 


Age-Adjusted Death Rates by Causes of Death 


per 100,000 population. 


The base for age-adjustment: The 





shown by the white population in U.S.A. (15.9). 


U.S.A 


Causes of death 
(International 


abridged list 1948) 


List No. 


Union of South Africa 


Canada 

{ White 

"| Non-white 
Mexico 


Dominican Republic 


Ceylon 

Israel 

Japan 

Germany 
Austria 

Denmark 
Finland 

France 

Ireland 

Italy 

Norway 
Netherlands 
Portugal 
England & Wales 
Scotland 
Northern Ireland 
Sweden 
Switzerland 
Australia 

New Zealand 


* Neoplasms of lymphatic and haematopoietic ti 


All causes 


754.: 
701. 
649. 

1067. 

1866. 

1029. 

1500.5 
763. 
984! 
779. 
766. 
671. 
819.: 
726. 
870. 
858. 
568. 
624. 

1040.5 
682. 
805. 
800. 

‘644. 
702. 
688. 
640. 


th 


uo _— — w 


ow dh 
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Tuberculosis 


BI, 


Vous 
14.4 


ty. 


> 
~s 


bh 
Ny =— 


23. 
13. 
10. 
61.3 
13.3 
26.5 


27.! 


or hd 


w 


-_ bd 


a | 


Dysentery all forms 


04 
a 
04 


Melignant neoplasms* 


or} 
co 


123, 
116. 


114, 


123. 


© wt 


wm 0 em I 


tht 


i) 


Nh 


Diabetes mellitus 


Vascular lesions affec- 
ting central nervous 
All heart diseases 


E = 
< 
B20 B21 B22 B25-28 
12.8 3.4 98.4 168.9 
12.3. 2.7 89.4 204.5 
15.9 2.1 81.5 222.6 
21.6 3.2 151.8 326.5 
si | Bz 24.9 129.0 
3.4 16.6 19.1 59.9 
S.2 | 42.1 12.5 62.6 
5.8 1.3 106.2 150.1 
2.9 1.9 155.7 75.3 
9.6 2.1 1.2 127.4 
5.2 2.2, 97.3 153.1 
5.1 2.8 96.7 174.4 
6.9 3.8 129.6 197.6 
7.8/ 1.3| 77.2) 111.8 
ad 8.4 80.6 222.4 
9.1 3.0 102.6 188.5 
5.6 2.0 84.8 116.6 
13.3. 1.5 83.0 139.9 
5.1 4.7 100.9 125.0 
6.0 2.9 96.9 198.1 
8.7 4.6 124.4 238.0 
5.0 4.6 109.4 231.0 
9.4 2.6 95.3 166.1 
12.5 2.5 93.2 185.7 
[3.3 3.8 et.2 198.3 
11.9 3.4 98.5 204 .7 


included. 


+ Diarrhoea of the new- 


Then Australia (13.3) 


and Netherlands (13.3) come next followed by Union of South Africa, 
Switzerland and Canada in the order named, respectively standing at the 
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age 
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of Females in 25 Countries, 1951-1953 














h 
. age-distribution of the total sum population in 46 countries in 1950) 

5 . Sz 2 Sap) C/E z 

> tai Sei a swt | 34 Ss | ae = 

© o= S > = So 2 an 2 | 33 " = 

5 ES 3! 82 €2 8 £8 & g 

> | 88 | e/ ei 2e | G2 £ Se € ! gs 

eo ve) Ya < = Ss Oo 0 ZS n < 
B28,29 B31,32 B33 B34 B35 B36 B37 —s- B38 B45 BE47,48 BE49 
34.6 52.4 y 2.0 6.0 18.2 9.3, 17.0! 40.3 26.4 4.7 
38.9 28.4 7 [2 4.5 fe 3.3 | 17.5 12.6 29.6 3.4 
45.2 18.4 1.8 1.0 ie 4.0 9.9 9.9 6.6 31.8 4.3 
133.5 44.8 ye 22 6.5 11.0 5.7 | 33.2! 47.4 43.9 LS 

4.2 271.3 4.7 2.0 8.8 318.8 27.7 | 33.0 | 100.8 i 0.6 
7 66.4 ‘2 0.9 1.2 81.5 4.7 11.4 248.4 3.3 2.0 

3 118.3 a 0.4 2.6 49.2 2.0 | 19.2 | 482.0 21.8 Lo 
16.3 39.5 1.0 0.7 3.2 2/3 3.7 9.2 70.6 31.3 4.5 
13.6 67.2 13.7 6.3 5.9 60.4 1 | Si) 132.7 25.9 16.5 
11.8 43.9 7 30 Fie 5.0 +.8 1.2 70.7 4.2 9.4 
10.5 37.9 2.9 3.9 7.9 8.8 3.0) 6.4 55.8 29.3 12.3 
23.4 26.6 2.6 1.8 o.2 4.4 a7 | @ 15.5 26.2 13.3 
$2.4 45.7 1.8 2.1 4.0 6.6 13) 9.9; 290 24.0 6.1 
3.1 42.6 0.7 L.2 6.6 3.8 12.4) 9.9 | 126.7 24.0 3.4 
25,2 52,8 3.0 1.4 3.1 8.0 1.0; 13.9 | 101.0 16.1 1.0 
26.8 ioe 1.6 2.4 6.5 A 6.6; 11.0: 80.4 3.8 3.4 
18.1 35.0 17 1.3 $5 A Lo) 7.3 | 39 19.7 2.9 
15.3 2/49 2 1.4 3.6 Be Zo | 4 30.9 2 4.0 
17.3 86.8 4.7 2 5.8 128.3 12.2: 20.0 199.1 
25.4 58.8 3.5 1.5 +.4 5.0 3) 6H) 1.5 17.6 5S 
22.0 48.1 3.7 | < 6.9 1.9; 9.2 24.5 26.6 2.9 
32.2 93.1 2.8 1.0 4.8 8.0 [6 ' 11.3 42.2 19.5 1.9 
16.6 a I | 2.8 2 4.6 2.6 re 19 42.6 18.1 6.6 
17.8 23.0 2.9 3.5 a 1 Be |) E27 [5.7 26.4 9.3 
34.2 29.9 2.6 io +.8 3.8 2.4 | 19.3 16.5 27.6 4.8 
34.2 21.4 2.7 0.9 4.2 oF /.3 6.6 19.8 ba 

born excluded. + Senility without mention of psychosis, ill-defined and unknown causes. 


12.0 level. The lowest rate is that of Japan (2.9), and Dominica and 
Northern Ireland also belong to the group of countries with lower death 
rates, showing the death rate 5.0 and below. 
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Here it is worthy of notice that Ceylon, showing the highest rate 
among the male populations, stands at the middle place in the list among 
the females of 25 countries. Another point to be noted here is that the death 
rate is always higher among women than among men in all the countries, 
but in Ceylon and Japan the male death rate is higher than the female. 

5. Comparison of age-adjusted death rates for anaemias 

The death rate for anaemias stands at 39.0 among males, and at 42.1 
among females in Ceylon, extraordinarily higher than in any of the countries 
studied, for both the male and the female populations. In the next place 
comes Dominica with the rate of 15.4 among the male, of 16.6 among the 
female, followed by Mexico, standing at 10.4 among men, 13.2 among 
women in the order named. Israel (Jewish population) and France 
show the very low rate of 1.4 among males and 1.3 among females respec- 
tively. Japan also belongs to the group of low-rated countries for both 
sex. 

Among females, the death rates are much higher than the male 
rates in most countries listed, but in Israel, Italy and France the male 
death rates are higher than the female and this is certainly an outstanding 
and interesting fact. 

6. Comparison of age-adjusted death rates for vascular lesions affecting central 
nervous system 

It is remarkable that the death rate for vascular lesions affecting 
central nervous system is the highest in Japan amongst the 25 countries for 
each sex. 

Among the male populations, Japan (191.9) shows a particularly high 
rate, followed by U.S.A. Non-white (143.3), Scotland (125.6), Italy (123.9) 
and Portugal (119.4), then come German Federal Republic, Austria and 
England and Wales in the order named, with the rates over 100. 

Among the females, Japan (155.7) tops the list again. The close 
runner-up is U.S.A. Non-white (151.8), then come Finland (129.6), Scot- 
land (124.4) and Australia (111.2) in the order named. Ceylon occupies 
the tail-end of the countries studied both in male (16.2) and female (12.3) 
populations, Dominica and Mexico also belong to the group of the countries, 
with extremely small rates next to Ceylon. 

7. Comparison of age-adjusted death rates for all heart diseases 

The writer has computed the death rates due to all heart diseases from 
the sum total of the following causes of eath, ‘‘ chronic rheumatic heart 
disease’, ‘‘ arteriosclerotic and degenerative heart disease”, ‘“‘ other 
diseases of heart”, and “‘ hypertension with heart disease ” listed in com- 
pliance with the International Abbreviated List, Sixth Revision, 1948. 

The male death rate due to all heart diseases, as shown in the Table, is 
the highest among the male Non-white population in U.S.A. (398.2), 
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standing at about 4.4 folds of that of Japan (90.6). The country showing 
the next high male death rate is U.S.A. White, then come Australia, 
Finland, Scotland, New-Zealand, Canada, Northern Ireland and Union 
of South Africa, when the 25 countries are arranged in descending order 
of the rate, the above countries having to show the rates over 300.0. 

Among the female populations, U.S.A. Non-white (326.5) has a par- 
ticularly high rate, which is about 4.3-folds of that of Japan (75.3). Scot- 
land, Northern Ireland, U.S.A. White, Ireland, New-Zealand and Canada 
follow the lead in the order named, the above countries showing the rates 
over 200.0 respectively, while in Dominica, it is by far the lowest, both 
among the male (74.5) and the female (59.9) populations, and Ceylon 
and Japan come next, with the lowest rates second to Dominica. In all 
the countries listed in the statistics, the death rate is higher among men 
than among women, the male death rate rising to twice as much as that 
of the female population in Union of South Africa, Australia, Finland and 
U.S.A. White, but in Mexico alone, the female death rate is slightly higher 
than the male. 

8. Comparison of age-adjusted death rates for hypertension 

The total sum of the rate of causes of death, ‘‘ Hypertension with 
heart disease” and “‘ Hypertension without mention of heart” listed in 
the International Abridged List, were used in the standardizing calcula- 
tion. ‘The results are shown in the Table. 

It is remarkable that the death rate for hypertension is found to be 
the highest in U.S.A. Non-white for both the male (129.4) and the female 
(133.5) populations, a rate notably higher than the next shown by U.S.A. 
White, standing at 44.9 among the male, at 45.2 among the female popula- 
tions. In France the death rate is surprisingly low for each sex. 

9. Comparison of age-adjusted death rates for ulcer of stomach and duodenum 

Segi et al. have conducted a geographical survey on ulcer of stomach 
and duodenum by age-adjusted death rates, and the results*’®) have been 
published (1957). 

It would be botable that the death rates for ulcer of stomach and 
duodenum are markedly higher in Japan than in any of the 25 countries 
listed, for both the male and the female populations. 

Namely among the males, the death rate stands at 38.4 in Japan, a 
rate twice as high as that of Portugal (19.2) ranking second to Japan. 
Then come Scotland, England and Wales, Australia, New Zealand, Ireland 
and Sweden in the order arranged, the above countries having the death 
rates over 10.0 to show. ‘The death rate is the lowest in Dominica, being 
only 2.4, and Ceylon shows the lowest death rate (2.5) next to Dominica. 

Among the female populations, the death rate is shown to be the highest 
in Japan, amounting to 13.6, a very notably higher rate than in all the 
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other countries where it stands below 5.0. The death rate is the lowest in 
France, showing the extremely low figure of 0.7. 

In all the lands studies, the death rate is always much higher among 
men than among women, but in Ceylon alone, the female death rate is 
higher than the male by about 20%. 

10. Comparison of age-adjusted death rates for cirrhosis of liver 

There has been a report of a geographical observation on cirrhosis 
of liver by age-adjusted death rate by Segi et al.! (1957). 

The death rate for cirrhosis of liver is extraordinarily higher in Mexico 
than that of any country studied, for both the male and the female popula- 
tions. 

The male death rate due to cirrhosis of liver is the highest in Mexico, 
amounting to 50.3. Portugal (27.4) and France (23.4) follow the lead in 
the order named. Japan occupies here the 8th rank in the descending 
order among the 25 countries studied in comparison. The rate is the lowest 
in Northern Ireland (2.1), standing below one-twenty fourth of that of 
Mexico. Ireland, England and Wales, Norway and Sweden also show 
lower rates, having the low figures of below 3.0. 

The female death rate for cirrhosis of liver is found to be the highest in 
Mexico again, amounting to 27.7, or to above 2-folds of that of the runner- 
up France (12.4), followed by Portugal (12.2), Japan (7.0) and Italy (6.6) 
in the order named. ‘The rate is the lowest in Ireland, standing at 1.0, 
and England and Wales, Northern Ireland and Finland also belong to the 
countries with low rates of below 2.0. 

11. Comparison of age-adjusted death rates for nephritis and nephrosis 

The death rate due to nephritis and nephrosis is far higher in U.S.A. 
Non-white than in any of the countries investigated, for both the male 
(36.1) and the female (33.2) populations. Japan ranks second for males 
and third for females when the 25 countries are arranged in descending 
order of the rate, while in Denmark the death rate is by far the lowest, and 
Austria has the second lowest rate next to her. 


SUMMARY AND CONCLUSION 


The author has computed the standardized death rates for 19 causes 
of death in 25 countries for the years during the period 1951-1953, with the 
data presented in the Annual Epidemiological and Vital Statistics published 
by W.H.O., and with the total sum of the male and the female populations 
in 46 countries based on the source in 1950 published by W.H.O. as stand- 
ard, and using these age-adjusted death rates, made a geographical observa- 
tion in various countries on the following causes of death. 

All causes, tuberculosis, malignant neoplasms (all sites), diabetes 
mellitus, anaemias, vascular lesions affecting central nervous system, all 
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heart diseases, hypertension, ulcer of stomach and duodenum, cirrhosis of 
liver and nephritis and nephrosis. 


I wish to thank Prof. M. Segi, director of the Department of Public Health, 
Tohoku University, for guidance and encouragement in this study. 
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INTRODUCTION 


The velocity of spreading induction was measured by various authors!) 
with various methods. Most of these experiments were carried out at the 
fovea or in its neighborhood. No systematic investigation has yet been 
performed as to the conduction velocity of spreading induction in the peri- 
pheries of the retina. 

In the present investigation, therefore, the velocity was measured at 
various parts of the retina. Motokawa®) showed an experiment suggesting 
that the distance over which spreading induction could extend was different 
depending upon the direction of propagation ; the extent of spread was 
found greater in the horizontal direction than in the vertical. In view 
of this finding special reference was made to the question whether there 
was any difference in velocity depending upon the direction of propaga- 
tion. 


EXPERIMENTAL 
Method and results 


The indirect induction caused by a yellow patch was measured by 
the routine method. All the measurements were carried out after a 
preliminary dark adaptation of about 20 minutes. <A yellow patch 4 = 30 
mm. in size and 450 lux in intensity was presented for 2 seconds on a vertical 
screen standing at a distance of 50cm. from the subject’s eye, and then 
a white test light 1.5mm. in diameter and 760 lux in illuminance was 
presented also for 2 seconds, the interval between the two stimuli being 
2 seconds. The white patch and the yellow one had a spatial separation 
of 1 mm. on the screen. 

The electrical excitability (the reciprocal of threshold) was measured 
at various times from the end of the white stimulus. The effect of light 
13 
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stimuli was expressed by a quantity ¢ which is defined by the following 


formula: 
* ~100(E—E,) /E,, 


where E and E, represent electrical excitabilities measured with and with- 
out photic stimulation. An example of £-time curves obtained by the pair 
of yellow and white stimuli is shown by a curve marked by dots in Fig. 1. 
As a control a £-time curve obtained by the white test light alone is illustra- 
ted by the curve connecting crosses in the same figure. As can be seen in 
this figure, the curve by yellow and white stimuli is decidedly higher than 
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Fig. 1. Examples of £-time curves. Ordinates represents percentage in- 
crease of electrical excitability caused by photic stimulation. Abscissae : 
Time in sec. from end of white test stimulus. {-time curve obtained by suc- 
cessive stimuli, yellow and white, is marked by dots, and that obtained by white 
stimulus alone is marked by crosses. Y and W in inset stand for yellow patch 


and white test patch respectively. C.E.: Contrast effect. 
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Velocity of Induction in Various Regions of Retina 15 
the other curve. The former has a maximum at 1.5 seconds, and this is 
a characteristic of the indirect induction caused by yellow light. The 
difference of both curves at 1.5 seconds serves as a measure of the induction 
effect caused by the preceding yellow stimulus, because the difference 
depends on the intensity of the yellow light, but not on that of the white 
light. ‘The difference was designated a “ contrast effect (C.E.)” which 
will be used as an indication of the induction effect caused by the yellow 
stimulus. 

No induction effect could be seen, in other words, the C.E. was zero 
when a second blue stimulus was presented in the interval between the 
yellow stimulus and the white one at some adequate distance from the 
yellow patch. This phenomenon was discovered by Motokawa® and 
designated ‘ neutralization of retinal induction”. It was utilized by the 
previous authors for measurements of the velocity of spreading induction. 
The dependence of neutralization on the distance and time interval will 
be demonstrated in Fig. 2. In the inset of this figure, the arrangement 
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Fig. 2. Dependence of C.E. on distance between yellow patch Y and 
blue one B. Time sequence of presentations of stimuli is shown in inset where 
S represents electric test shock of 0.1 sec., Zero of C.E. means neutralization 


of retinal induction. 


of patches and the time sequence of their presentations are shown. Nota- 
tions Y, B, W and S stand for a yellow patch, a blue one, a white one and 
an electric shock of 0.1 sec. in duration respectively. The distance, d, 
between W and B and the time interval between the beginning of B and 
that of W are most important for the present problem. In all the experi- 
ments the time interval referred to above was fixed at 1.5 seconds. Under 
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such a condition it depends on the distance, d, whether the neutralization 
occurs or not. As can be seen in the curve of Fig. 2, values of C.E. are 
zero when d is shorter than a certain critical value. This value will be 
called the critical distance. It was shown by the previous authors that 
the critical distance was greater as the time interval was lengthened. ‘The 
relation was shown to be linear, and from this relation the conduction 
velocity was determined. In the present case the fixed time 1.5 sec. in- 
cludes the time necessary for spreading induction to propagate over the 
critical distance and latencies of development and neutralization of induc- 
tion. It was shown by Katayama and Aizawa?) that it takes about 20 
msec. for spreading induction to appear at a point 1 mm. from the margin 
of the inducing patch, and Motokawa and Komatsu*) showed that the 
latency was much shorter in the light-adapted retina. The latency is thus 
negligible against the long time interval of 1.5 sec. so that the velocity will 
be given by the ratio of the critical distance to the time interval mentioned 
above. Thus the determination of velocity is reduced to that of the 
critical distance. ‘This quantity could be measured with accuracy of a few 
per cent. 

The velocity thus obtained refers to the vertical screen on which the 
patches were presented. It had to be reduced to the value in the retina. 
The reduction formula is: 


dr 
ds 


Vr=Vs (1) 

where notations Vz, Vs, ds and dz represent velocity in the retina, that 
on the vertical screen, the distance between the screen and the eye and 
the nodal distance of the eye respectively. This formula holds for measure- 
ments at the fovea or in its neighborhood, but in peripheral parts of the 
retina a certain correction has to be made. 

In Fig. 3 the relation will be explained on the basis of a reduced eyes 
where K and C are the nodal point and the foveal center of the reduced 
eye. In the present experiments a fixation point, F, was moved towards 
the periphery when a peripheral part was to be subjected to investigation. 
On the contrary, thé positions of the patches were the same as in the 
experiment at the fovea. As can be seen from Fig. 3, the distance from 
the nodal point, K, to the retinal part over which retinal induction spreads 
is generally shorter than the nodal distance KC. The farther we move 
towards the periphery the shorter the distance mentioned above. If this 
distance is denoted by d, it will be expressed by the known factors as 
follows : 


da=(dr—r)cosO+ V r?— (dg —r)*sin? (2) 


/ 











—ee 4 CFO ee . — OO eo CO CO mw 


\¥ 





Velocity of Induction in Various Regions of Retina 7 


B 








M A F 
r 


Fig. 3. Reduced eye with its size constants. AB: Velocity on screen 
50 cm. in front of eye. C: Foveal center. K: Nodal point. F: Fixation 


point. 


In this formula r is a radius of the reduced eye, and 0 the angle of eccen- 
tricity. 

The vector of velocity on the vertical screen is indicated by a line AB 
in the figure. M is the middle point of the vector, whose projection on the 
retina is M’. The vector A’B’ which is parallel to AB may be calculated 
by the following relation : 

1, 


A’B’=AB= 


ds (3) 
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It remains to be clarified how the linear vector A’B’ can be transformed into 
the vector A’’B” on the retina. The mathematical relationship between 
A’B’ and A’’B” is not so simple, but the ratio of A’’B” to A’B’ is appro- 
ximately equal to unity in the neighborhood of the fovea and increases 
very slowly with increasing angles of eccentricity. If the ratio is deter- 
mined graphically for the values of angle of eccentricity with which the 
present work was done we obtain 1.003 for 15° from the center of the 
fovea, 1.023 for 30°, 1.038 for 40° and 1.058 for 45°. 

Then the velocity on the retina will be given by the following for- 
mula : 


Vp=Vs d 


id (4) 


where f represents the ratio of AB” to A’B’. 

Measurements of velocity were carried out at each area of the retina 
10 times for a given direction—say from left to right—and then as many 
measurements were done for the reverse direction in the one and the same 
area. The standard deviation (S.D.) was calculated from these 10 values. 
The results obtained are represented diagrammatically in Fig. 4. Values 
not accompanied by S.D. refer to single determinations. In order to 
indicate the places of the retina clearly, each value was plotted on the 
corresponding area of the vertical screen. Arrows indicate directions of 
propagation. The values of velocity are, however, expressed in terms of 
mm. per sec. in the retina. 

As can be seen in this figure, the velocity does not differ significantly 
wherever in the retina it might be measured. Nor depends it on the direc- 
tion of propagation. In reality, such uniformity of velocity was not expect- 
ed, because we know that the structure and other function of the retina are 
not so uniform. Even as to retinal induction Motokawa observed some 
anisotropy concerning the extent of the field of retinal induction, as has 
been mentioned above. 

In psychology it is known that a vertical line appears longer than a 
horizontal line of the same size. This phenomenon is an example of a 
group of phenomena known as anisotropy of visual space. According to 
Motokawa a vertical line figure establishes a more extensive field in the 
direction perpendicular to it than does a horizontal line figure of the same 
length, and this phenomenon may be correlated with the psychological 
anisotropy of visual space mentioned above. 

However, Motokawa’s experiments were limited to the fovea or to 
the neighborhood of the fovea. Therefore in the present experiments 
similar measurements were carried out at various parts of the retina. 

The inducing patch used was a yellow bar 4 x 30 mm. in size and 450 








lu 








Velocity of Induction in Various Regions of Retina 19 














— 

1624 
200198 
! 


1.70 L 735 
— “ie 


1.79 





50° 





Fig. 4. Values of velocity in mm. per sec. in various regions of retina. 


lux in illuminance. In one series of experiments the bar was oriented 
vertically, the middle point of the bar corresponding to the fovea. A 
white test light 1.5 mm. in diameter was presented at various distances from 
the margin of the bar on the horizontal line drawn through the middle 
point, and at each point the C.E. was measured with the method described 
above. The result obtained is represented by a continuous line in Fig. 5. 
As can be seen in this figure, the C.E. decreases about exponentially with 
increasing distances from the margin of the bar. 

In another series of experiments similar measurements were carried 
out with the same bar oriented horizontally. The distribution of C.E. 
along the vertical line drawn through the middle point of the horizontal 
bar is represented by a broken curve in Fig. 5. This curve is significantly 
lower than the continuous one. The point at which the induction effect 
vanishes is 25 mm. from the margin of the vertical bar, while it is only 15 
mm. from the margin of the horizontal bar. Thus it is apparent that the 
extent of the field established by the vertical bar is greater than that estab- 
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Fig. 5. Distribution of C.E. along horizontal line (continuous curve) and 


that along vertical line (broken curve) at fovea. 


lished by the horizontal bar. This finding is exactly the same as that 
obtained by Motokawa. 

Similar measurements were done at peripheral areas 20° from the 
fovea. Similar differences of extent of fields could be observed also in the 
peripheral areas, the extent of the field caused by the vertical line being 
greater than that caused by the horizontal line (see upper diagrams in 
Fig. 6). No significant difference could, however, be observed in the 
peripheral areas on the vertical meridian (see lower diagrams in Fig. 6). 
As can be seen in Fig. 7, some difference can be observed in the peripheral 
areas on the oblique meridian. 


DIscussION 


Motokawa’s observation concerning anisotropy of retinal induction 
has been confirmed at the fovea and in some peripheral areas. It is 
believed that the field of retinal induction is established by a spreading 
process from an illuminated area. It was shown by Motokawa® that no 
field of retinal induction was established when the propagation of spreading 
induction was blocked. It depends on the energy of spreading induction 
how extensive the field established around an illuminated area is. The 
energy of spreading induction is determined by the intensity of the inducing 
light and inductive power of the illuminated area. The inductive power 
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Fig. 6. Extent of field of retinal induction in peripheral regions (20 














from fovea). Continuous curves refer to horizontal distribution of C.E. and 


broken ones to vertical distribution. 


and its regional difference were studied by Kurosawa and Katayama”. It 
was shown to be weaker in far peripheries than at the fovea and in the para- 
foveal region. In the present experiments values of C.E. are generally 
lower in the peripheries than at the fovea (cf. Fig. 5 with Figs. 6 and 7), 
and the extent of the field is also smaller in the peripheries. This is mainly 
due to the weaker inductive power of the peripheral areas, for the intensity 
of the inducing light was the same for the fovea and peripheries. Ono- 
dera®’ studied regional differences of indirect induction and obtained 
results in line with the present study. 
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Fig. 7. Extent of field measured at 20° from fovea on oblique meridians. 
Continuous and broken curves refer to horizontal and vertical distributions of 


C.E. respectively. 


In contrast to the’ magnitude of retinal induction and the extent of 
the field, the velocity of spreading induction shows no significant regional 
difference, as has been observed above. The energy of spreading induction 
determines the limit of spread, but cannot influence its velocity, because 
the velocity is fairly independent of the intensity of the inducing lights. 
Therefore the fact that the velocity is uniform throughout the retina does 
not always contradict the regional differences concerning the magnitude 
of retinal induction and the extent of the field. 

In contrast to the regional difference of retinal structure, the velocity is 
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too uniform ; it would be difficult to correlate the propagation of spreading 
induction with any morphological structure of the retina. One may 
suppose that this phenomenon might be some physical effect, but it is to 
be noted that the velocity depends greatly on the adaptation state of the 
retina, as was shown by Motokawa and Komatsu*. It is, however, cer- 
tainly a puzzle. 


SUMMARY 


Based on the principle of neutralization of retinal induction the velocity 
of spreading induction was measured in various regions of the human 
retina. 

1. No significant regional difference could be observed. For exam- 
ple, 1.751+0.035 and 1.716+0.019 mm./sec. were obtained at the fovea, 
while 1.719+0.035, 1.735+0.036 and 1.688+0.030 mm./sec. were ob- 
tained in peripheral areas 20° from the fovea. 

2. No significant difference was found among velocities of pro- 
pagation in different directions. 

3. The extent of the field of retinal induction caused by a definite 
stimulus was measured in various regions of the retina. The extent was 
greater at the fovea than at 20° from the fovea. 

4. The horizontal extent of the field caused by a vertical line stimulus 
was greater than the vertical extent of the field caused by a horizontal line 
of the same length. 

5. It was argued that the extent of the field depends greatly on the 
energy of spreading induction, while its velocity is almost independent of 
energy. , 
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INTRODUCTION 


Occupational hearing deafness caused by noise is one of the urgent 
problems of labor-hygiene and industries at present. Saito! reported some 
significant changes in urinary 17 K.S. when experimental animals were 
exposed to noise. Kravkov?) said that aural stimuli could effectively 
change the critical frequency of flicker. Moreover, Takeyama* suggested 
that the electric flicker values measured by means of Motokawa’s method in 
exposure to noise significantly increased above the control value. The 
method of electric flicker (EF) has hitherto been used as an indicator for 
the measurement of fatigue, as reported by Motokawa and Suzuki). ‘Tora- 
tani») measured electric flicker values (EF Vs) immediately before and after 
exposure to noise of 110 db lasting for 3 hours and found that EF Vs in- 
creased significantly in exposure to noise. 

In the present experiment, the effects of exposure to pure tones and 
noise upon EFVs were systematically investigated, and in connection the 
preventive effect of an ear plug was also investigated based upon audio- 
grams measured by means of an audiometer. 


EXPERIMENTAL 
Method 


The subjects in the present experiment were 5 healthy males with 
normal auditory acuity. In each experiment, the subjects were kept 
25 
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seated in a sound-proof room 5 m. x6 m. 3m. in size. 

The measurements of EF V were carried out for 10 minutes after the 
rest to obtain control values. A given tone was heard for 10 minutes after 
the measurement of the control values. For the last 3 minutes of this 
period of exposure to the tone, similar measurements were made con- 
tinuously and EF Vs obtained were averaged. 

An audiometer (51 A) was used as a generator of tone and noise. 

The tone or noise was heard monoaurally. 

The apparatus for electric flicker used in the present experiment was 
the same as was described in Motokawa’s report.® The stimulating current 
was increased and decreased automatically, to determine the threshold for 
appearance of flicker (S,) and that for its disappearance (S,). The dif- 
ference between S, and S, obtained during the rest was denoted by 4S,, 
and that obtained during stimulation by 4S. The EFV was expressed in 
terms of wA. 

The ear plugs used were of Selecton K type (ear plug A) ; with this 
type hearing loss occurred above 2000 cps, and the other type used (ear 
plug B) was the one reducing about uniformly sensitivity to all frequencies. 


Results 


For 30 minutes before each experiment, the subjects were kept seated 
quietly in the sound proof room. A subject was exposed to a pure tone 
of 500 cps and 70 db for 30 minutes. The measurements of EFV were 
made continuously for 6 minutes after the beginning of exposure to tone. 
In order to prevent fatigue which would be caused by too frequent measure- 
ments, a pause of 3 minutes was made from time to time. The results 
obtained are shown in Fig. 1, A. As can be seen in this figure, after the 
beginning of exposure to the tone, EF Vs increased remarkably and reached 
a maximum about 6 minutes after the onset. And after a slow slight 
decrease a steady value was maintained. Next, the results obtained from 
the same subject, who was exposed to each of 4 pure tones (500, 1000, 4000 
and 6000 cops) of 70 db, are represented in Fig. 1, B. The EFVs repre- 
sented in this figure were measured repeatedly for 3 minutes with 3 minutes’ 
pause between succéssive measurements and averaged. The results ob- 
tained by tones of 6000 and 500 cps had some resemblance to that repre- 
sented in Fig. 1, A; a saturation can be seen after about 5-10 minutes in 
these cases. It is worth noticing that the curves of 500 and 6000 cps were 
remarkably higher than those of 1000 and 4000 cps. 

In the following experiment, measurements of EFV in exposure to 
each of 5 pure tones of 70 db (500, 1000, 2000, 4000 and 6000 cps) were 
made in 4 subjects. The results obtained are illustrated in Fig. 2 (I, II, 
III and IV). As can be seen in this figure, the EFVs which were obtained 
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Fig. 1. A: Changes of electric flicker value (EFV) caused by exposure to 
tone of 500 cps and 70 db. B: Changes of EFV in response to each of 4 tones. 
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Fig. 2. Changes of EFV caused by exposure to 5 pure tones of 70 db. 
I, II, III and IV refer to different subjects. 


in exposure to 500 and 6000 cps were remarkably high in comparison with 
those in exposure to 1000 and 2000 cps. Next, in 3 subjects, similar 
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measurements as above were made at various intensity levels of tones 
(40, 60, 70 and 90 db). The results obtained are shown in Fig. 3, I, II 
and III. As can be seen in this figure, the form of all curves obtained 


I st 


godb 





in pA 


° 





n 


— AS-— AS, 





, 
ie 














a i. 4. — rm i i i a | - & i 4 2 
soo 1000 2000 4000 6000 500 1000 2000 4000 6000 500 1000 2000 4000 6000 
> Frequency in cps 


Fig. 3. Change of EFV caused by exposure to 5 pure tones of various in- 
tensities. I, II and III refer to different subjects. 


shows striking resemblance to that mentioned above (see Fig. 2, I, H, III 
and IV). And it is also obvious that the higher the intensity of the pure 
tones, the greater the change of EF Vs caused. 

In the following experiment, measurements of hearing loss caused by 
the use of the ear plugs A and B were made by means of the audiometer in 
2 subjects. The results obtained are illustrated in Fig. 4 (I and II). 
From this investigation, the characters of the ear plugs were made clear. 


EFVs were measured during exposure to a tone, to compare values | A,a 
obtained with and without an ear plug of type A. The results obtained 
are shown in Fig. 5 (I, II, III and IV). The curves (a) illustrate the con- 
trol values which were measured without the ear plug, and the curves (b) 
the values obtained by using the ear plug (A). The difference between in € 
the curves a and b’is significantly great over the frequency range higher the 
than 2000 cps, but over the lower range the difference is relatively slight. the 
Thus the results reflect the character of the ear plug used very well. whic 
Next, in 3 subjects the relation between the intensity of noise and 
EFVs was investigated. ‘The intensities used being 90, 80, 70, 60, 40 and is n¢ 
30 db. The results obtained are illustrated in Fig. 6 (curve a). From the 
this investigation, it was found that the larger the intensity of noise, the sym 
greater the change of EFV caused by exposure to noise. In this figure fatig 


curves a, b and c refer to control, the result obtained with the ear plug with 








nes 
II 
1ed 


II 


re 


in 





Effects of Tone and Noise on Electric Flicker 29 


Audiogram 
no o oO ° °o oO 
T 38 8888 283888 








Vi) 
2 
<3 
£ 
2 
pe 
oO 
£ 
_ 
ro) 
© 
P= 
TI jo “10 
O° 
w 1 
=— * ° 
co 20 20 
£ 5 
- « 0 
S «4 40 
Bs 
o 50 50 
eG 
= 60 60 
8 26 70 
= 
80 80 
am 8 8 8 S 8 
— - 2a 8 


Frequency in cps 
Fig. 4. Audiograms. I and II refer to different subjects. 
C: Control curve without ear plug. 
A: Curve obtained by ear plug A. 


B: Curve obtained by ear plug B. 
A, and that obtained with the ear plug B respectively. 


DiIscussION 


In Takeyama’s experiment*) it seems that increased values measured 
in exposure to a pure tone began to decrease in about 4 minutes although 
the stimulus continued. He interpreted this decrease as adaptation. In 
the present experiment saturation occurred, but no significant decrease 
which might be interpreted as adaptation could be seen (see Fig. 1). 

Howard” is of the opinion that the diagnosis of early acoustic trauma 
is not difficult, because audiometric tests will reveal a characteristic dip in 
the frequency of 4000 cps long before the patient becomes aware of any 
symptomes referable to his ear. Moreover, Otani*) showed that auditory 
fatigue in exposure to tones of high frequencies was great in comparison 
with those of low frequencies. Especially in case of C; this phenomenon 
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Fig. 5. Changes of EFV caused by exposure to 5 pure tones of 70 db. with 
ear plug A. I, II, III and IV refer to different subjects. a: Control curve. 
b: Curve obtained with ear plug A. 
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Fig. 6. The relation between intensity of noise and EFV. I, II and III 
refer to different subjects. 
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was obvious. As can be seen, responses to tones of 1000 and 2000 cps 
were not great in comparison with responses to tones of 500 and 6000 cps. 
It is interesting that these curves shown in Figs. 2 and 3 have some resem- 
blance to the curve of the minimum threshold of audibility. From these 
findings it may be said that EF Vs can be some indicator of the characteristic 
auditory sensitivity. Takeyama* carried out similar measurements of 
S,, and reported that S, values in exposure to C, and C, were not so great 
in comparison with C, and C;. This result was in line with our experi- 
ments. 

The fact that the character of the ear plug is reflected well in the 
EFVs (cf. Figs. 4 and 5) supports what has been said above. 

In the present experiment, as can be seen from the curves of Fig. 6, 
the larger the intensity of noise, the greater the change of EFV caused by 
exposure to noise. ‘Takeyama*® carried out also similar measurements, 
taking $, as an indicator. Our results were in line with his report. 

Takeyama®) discussed that the change in EFV during exposure to a 
tone or noise would indicate a certain influence of auditory stimuli on the 
autonomic nervous system. At present it is difficult to explain the mechani- 
sm in which the EF'V is increased by exposure to tone or noise, but it may 
be said that the method of electric flicker represents a sensitive method to 
reveal secondary effects of auditory stimuli. 


SUMMARY 


By means of Motokawa’s method of electric flicker (EF), we measured 
variations of electric flicker values (EFV) of 5 subjects caused by exposure 
to pure tones or noise. The pure tones used were 500, 1000, 2000, 4000 
and 6000 cps. 

1. 4 subjects were exposed to a tone of 500 cps and 70 db for 30 
minutes. EFVs increased and reached a highest level in about 5-10 
minutes and continued so long as the stimulus lasted. 

2. Measurements of EFVs in exposure to each of 5 pure tones of 
70 db were made in 4 subjects. EFVs in response to tones of 500 and 
6000 cps were remarkably great in comparison with those to tones of 1000 
and 2000 cps. 

3. In 3 subjects similar measurements were made at various intensity 
levels of tones, and it was found that the higher the intensity, the greater 
the change of EFV caused. 

4. Hearing loss caused by two kinds of ear plugs A and B were in- 
vestigated by an audiometer. With A hearing loss occurred above 2000 
cps and with B over the whole range of frequencies. EFVs measured 
with the ear plug A were found to be remarkably low in comparison with 
control over the frequency range higher than 2000 cps. This finding 
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corresponds with the audiometric one mentioned above. 

5. In 3 subjects, the relation between intensity of noise and EFVs 
was investigated, and it was found that the larger the intensity of noise, the 
greater the change of EFV caused by exposure to noise. 


The authors have pleasure in acknowledging their indebtedness to Prof. 
K. Motokawa who has guided them kindly. 
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INTRODUCTION 

** A permissible weekly dose is a dose of ionizing radiation accumulated 
in one week of such magnitude that, in the light of present knowledge, 
exposure at this weekly rate for an indefinite period of time, is not expected 
to cause appreciable bodily injury to a person at any time during his life- 
time.” 

This is a well-known recommendation as to the permissible dose from 
external source of ionizing radiation which is proposed by National Com- 
mittee on Radiation Protection (1954).!)” 

This weekly dose corresponds 50 mr per day. That is to say it has 
been believed that there occurs no appreciable bodily injury even if one is 
continuously exposed to 50 mr during 8 hours (working time for a day). 

On the other hand, radiation effects are the more remarkable the 
shorter the time during which the dose is given. 

So, does the range of this dose, if momentarily administered, cause 
any appreciable change in a human body ? 


* Present address: Department of Radiology (Director: Prof. F. Kawamura), School of 
Medicine, Tokushima University, Tokushima. 


This paper was read by Dr. M. Tsutuki, Delegate of Japan, before the United Nations 
Scientific Committee on the Effects of Atomic Radiation, Second Conference, New York, October, 
22-November, 2, 1956. 
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In the clinical service, patients are often exposed to this order of dose 
in the routine procedure of fluoroscopy or radiography. In such cases, 
does any change occur in the patient exposed? To research these points, 
the authors carried out some clinical experiments using the changes of 
peripheral blood picture as an indicator at the time of the routine radio- 
graphy of chest. 


EXPERIMENTAL 
Method and Results 


The subjects of the investigation were 106 healthy Japanese adults 
(77 men and 29 women). The majority of them were from 16 to 35 years 
of age. 

The condition of exposure and the dose received on the back of the 
subjects are presented in Table I. The dose is calculated as dose in air 
by means of the film method. 


TABLE I 


Conditions of Exposure 





Chest radiography | Chest flurography 
Voltage 50-58 kVp 70-75 kVp 
Filter 0.5mm. Al. | 0.5mm. Al. 
Focus-skin distance 150-200 cm. 120 cm. 
Intensity r/min 30-60 30-40 
Exposed time 0.1 sec. 0.3 sec. 
Part of exposure Upper half body Whole body 
mA 20-30 15-20 
Received dose in air on the surface 16-32 mr 50-60 mr 


of the subject 


In the control cases, the numbers of leucocytes, neutrophile leucocytes 
and lymphocytes in 1 cmm. of their peripheral blood were 7,000+ 1380, 
4,160+1060 and 2,220+795 respectively. These numbers correspond 
nearly to the blood pictures of healthy Japanese people.” 

The changes of blood picture in the serial blood examinations were 
observed. The mean values of the ratio of each cell number in the first 
examination to those in the second examination in each individual were 
obtained in the serial examinations. 

In the case of high intensity momentary exposure of 60 mr by photo- 
fluorography of the chest, the main X-ray fell in the form of a circle (120 
cm. in diameter) on (one spot of) the body, i.e., this 120 cm. diameter 
circle may be considered to be the same as the area of the back of the body. 
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The blood counts were made in 15, 30, 60 and 120 minutes after the ex- 
posure. A comparison of the blood pictures before and after the exposure 
was made and the results obtained may be stated as follows. After the 
exposure, the numbers of total leucocytes and neutrophile leucocytes showed 
no marked change, while the lymphocyte value decreased considerably 
(Fig. 1). The number of lymphocytes reached the minimum 30 minutes 
after the exposure and did not begin to recover until 60 minutes. 
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Fig. 1. The change of lymphocyte number in percentage after a single 
whole body exposure to X-ray (60 mr). 

Similarly, in the 56 cases of momentary exposure to X-ray by radio- 
graphy (16-30 mr) of the chest, the number of lymphocytes decreased 
during 30 minutes after the exposure when compared to that of pre-ex- 
posure number (Table II). Making a t-test for this experiment, the 


TABLE II 


The Effect of X-ray Exposure by Chest Radiography on 
the Peripheral Blood Picture 





Leucocytes Neutrophile Lymphocytes 
(%) leucocytes (%) (2%) 
Control (66 cases 99.5+7.6 100.0+ 9.4 100.5+ 8.0 
non-exposed) 
Bupered efter 30 96.3+8.3 101.5414.3 88.2+12.9 
min. (56 cases) 
t=6.950 
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calculated value of t is 6.950, which is larger than the value of t. 0.01 
whereby n 120. 

Therefore, it is said that the exposed group shows a significant decrease 
of lymphocytes at the 0.1°%% level. 


DiscussION AND SUMMARY 


The peripheral blood picture at the time of routine radiography was 
examined in 106 cases of healthy adult Japanese. In the total leucocyte 
and the neutrophile leucocyte numbers there was no significant difference 
between those before and after radiography. But in the number of lym- 
phocytes a significant decrease was observed after radiography. 

The mechanism of the decrease may be due to a functional reaction 
of the human body. 

The decrease of the number of lymphocytes in the peripheral blood is 
a typical change in the case of X-ray irradiation and this fact is regarded 
as one of the indicators of radiation effects.” 

According to Mayneord’’, exposure to 10-20 mr per day over a year 
caused leucopenia, and exposure to 20 mr per day for several weeks caused 
a tendency toward leucopenia. Further, it has been discussed that ex- 
posure over a year to a smaller dose than maximum permissible dose 
causes anemia, excessive lobulation, decrease of total number of leucocytes 
and left-shifting of neutrophile leucocytes. 

Single exposure to 5 r in mice resulted in the degeneration of lympho- 
cytes of the spleen.®? 

Exposure to such small dose as 15-20 r causes occasionally a continu- 
ous radiation hazard in the human being.®? 

The results obtained in the present study should not be taken as the 
typical radiation hazards, but they show surely the fact that even a single 
momentary exposure to X-rays in such a small dose as 15-60 mr exerts 
some effects on the human body. 
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A New Symptom of Anemia: “ Lip-biting ”’, 
a Cosmetic Symptom 


By 
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(% ff i) 
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(Received for publication, August 30, 1958) 


‘* Lip-biting ”’, a new symptom of anemia, is a cosmetic symptom of 
anemia, so it is never seen in infants and very young children. But it is 
already seen in Kindergarten children. 

I found the symptom for the first time in a girl of 12 years and a boy 
of 10 years, both elementary school children. They visited my office 
accidentally at the same time. Their main complaint was anemia. I saw 
them bite their own lips often in my consultation room. The lip-biting 
consisted not in lip-licking, but in biting the lower lip with upper teeth, 
much less often in biting the upper lip with lower teeth. 

Later I noticed the same symptom not only in patients with anemia 
as their main complaint, but also in anemic patients with complaints other 
than anemia itself. 

The lip-biting is, as stated above, a cosmetic symptom. One day I 
saw a woman with her sick child and, while I was taking the history of the 
child from her, I noticed ‘her lip-biting oftentimes. She came again the 
next day, but she did not try to bite her lip at all this time, because she had 
rouged her lips which were thus intensely red. 

When this spring I examined the children of the Kindergarten and 
the elementary school of which both I am the school doctor, I found the 
symptom of lip-biting in some of them, even as many as several pupils in 
a single class. The number of those pupils was larger in upper classes, 
and it seems quite natural that there were by far more girls than boys 
with the symptom. And it was not only children with pale (whitish) 
lips, but also those with gray (blackish) ones that would do the lip-biting. 

The symptom was not seen in children with normal-colored (red) 
lips and in those with good complexion. 

I took pictures of each 5 pupils with the symptom from the 5th and 
the 6th Class, and in some of them blood was examined (Cf. Fig. 1 and 


Table I). 


Read at a mecting of the Akita Branch Society of the Japanese Pediatric Society, Akita, 
June 7, 1958. 
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Fig. 1. Pictures of Anemic Girls with “ Lip-biting ”’. tu 
tu 
TABLE I ck 
Blood Picture of Some of Anemic Children with Gi 
** Lip-biting ” ¥ 
lin 
ieee Age Hemoglobin Reds Color ice tu 
Case years (Sahli value) (thousands) index White 
al 
| : 1] 65 2,980 1.0 6,200 la 
2 10 72 3,040 ‘2 5,200 sk 
3 1] 65 2,730 t2 5,600 sc 
} 68 3, 260 1.0 6, 300 
5 i * 55 2,650 1.0 5,400 
6 ” ” 60 2,570 ‘2 5,500 
CONCLUSIONS 
, ; Pa en : P 
1. Anemic patients may present the symptom of “ lip-biting ” which 
pon: Ah ; ‘ , ; se 
is after all a cosmetic symptom. It is natural that it occurs oftener in ti 
' i 
females. 
- — , oO 
2. Though it is a cosmetic symptom, it can occur in as early an age | 
Gorm ; . . 1 
as that of Kindergarten children. 
; ; ; . ‘ ‘ v 
3. A patient with no complaint of anemia may yet be a case of anemia 
if he (or rather she) tries to do the “ lip-biting ” during the examination. ‘ 
re 
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(Received for publication, September 1, 1958) 


INTRODUCTION 


Makino?)”).3), Yosida*), Tonomura®), and Tanaka® made karyological 
studies of a series of ascites tumors in white rats, such as Yoshida-, M.T.K.-, 
Hirosaki- and Takeda-sarcoma. They made it clear that these ascites 
tumors had a strain of tumor cells, so-called stemline-cells from which the 
tumor propagate, and these cells have a definite number of large V-shaped 
chromosomes. But it seems to us that there are at present but few minute 
karyological studies in human cancer-cells. We had an experience of a 
fifty-one-year-old case of gastric carcinoma, complicated with secondary 
liver-cancer and cancerous peritonitis, and made a karyological study of 
tumor-cells in his ascites, and examined the number of the chromosomes 
and the karyotype foumulae of the cells, and then we found that peculiar 
large V-shaped chromosomes in chromosome complex of cancer-cells 
showed a definite increase in number, compared with the karyotypes of 
somatic cells of bone-marrow. So the results will be reported. 


EXPERIMENTAL 
The Material, and the Method of Examination 


The cancer-cells in ascites used for observation were found out by 
puncturing the abdomen of a patient of gastric cancer, complicated with 
secondary liver-cancer and cancerous peritonitis. The clinical examina- 
tion and autopsy of the patient are as follows: The patient, a man of fifty- 
one years of age, who had pulmonary tuberclosis since three years ago, was 
hospitalized in April 1958. Photo. 1 shows the abdomen of the patient 
when he was hospitalized, in which the swelling of the liver is seen very 
remarkable, and Photo. 2 shows the X-ray photograph of the stomach, in 
the pyloric region and its neighborhood is seen a shadow-defect. The 
observation of liver biopsy disclosed a carcinoma simplex as seen in Photo. 

4] 
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3. The patient got complicated with peritonitis carcinomatosa after he 
was hospitalized, and died in July, 1958. Autopsy disclosed an ulcerated 
cancer as shown in Photo. 4, and many metastasis of cancer into liver, 
lymphatic glands, and peritoneum were found. Histologically, the tumor 
of stomach was found to be an adenocarcinoma, and part of it was a car- 
cinoma simplex as Photo. 5 shows. In the liver there were innumerable 
metastatic knots, as Photo. 6 shows. Histologically these were adeno- 
carcinoma as shown in Photo. 7, and part of them was carcinoma simplex. 
It was about a month and a half after the ascites was found gathering in 
the abdomen of the patient that we examined the chromosomes of cancer- 
cells in ascites, and at that time the gathering of ascites was at its best. 
The property of ascites was hemoid, and Photo. 8 shows the cancer-cells in 
ascites. The cancer-cells were obtained from ascites by centrifugal separa- 
tion, and for to the observation of chromosomes the aceto orsein squash 
method was used. 


The Result of the Observation 


We obtained 14 cancer-cells in their metaphase configuration from 
ascites, and analysed their karyotype formulae clearly. The observa- 
tions of the number of chromosomes and constituent elements of chromo- 
some complex of these cells are shown in Table I, Fig 1, and Table II. 
According to our observation human cancer-cells comprised of 37 to 46 
chromosomes in number in their metaphase configration. But most of 


TABLE I 
Chromosome Number and Distinct V-type of Human Cancer Cells 


14 cancer cells are examined. 





V type 
Number of chromosomes 
4V 3V 
37 ] 
38 ] 
39 
' 40 
4] | 
42 
43 1 
44 6 
45 2 
46 2 
Total 13 1 
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Fig. 1. Table I is expressed in diagram. [__] cancer cells obserbed. 
GB cells containing four chromosomes of V type. cells containing 


three chromosomes of V type. 





TABLE II 
Human Cancer Cells 
Plate No. Karyotype formula 
] 20 (J.j)+17 (R.r)+3v+4 V=44 
2 20 (J.j)+13 (R.r)+9v+4 V=46 
3 20 (J.j)+15 (R.r)+4v+4 V=43 
4 21 (J.j)+13 (R.r)4+6q+4V=44 
5 19 (J.j)+20 (R.r) +3 v+4 V=46 
6 19 (J.j) +17 (R.r)4+4v4+4V=44 
7 24 (J.j)+ 5 (R.r)+5v+3 V=37 
8 22 (J.j)+17 (R.r)+1v+4V=44 
9 26 (J.j)+10 (R.r)+5v+4V=45 
10 24 (J.j)+13 (R.r)+3v+4 V=44 
11 18 (J.j)+13 (R.r)+3v+4 V=38 
12 19 (J.j)+13 (R.r)+5v+4 V=41 
13 25 (J.j)+10 (R.r)+5v+4 V=44 
14 25 (J.j)+14 (R.r)+2v+4 V=46 


18~26 (J.j)+10~20 (R.r)+1+9 v+4 V=37~-46 


them comprised of 44 to 46 chromosomes and were known to be com- 
paratively definite, and especially the number of chromosomes of highest 
frequency in human cancer-cells was 44. Therefore, these cells com- 
prising of 44 chromosomes may be a strain of cancer-cells from which the 
tumor propagates and the other kinds of cells may be abnormal ones. 
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Next, we examined the karyotype formulae of the cancer-cells and com- 
pared them with that of somatic cells in human bone-marrow. Photo. 9 
shows the photograph of a chromosome complex in his metaphase con- 
figuration of human cancer-cells in ascites and Photo. 10 shows the sketch 
of it. Photo. 11 is the photograph of chromosome complex in the meta- 
phase of the somatic cell in human bone-marrow and Photo. 12 shows its 
sketch. ‘Table I] shows the karyotypes of human cancer-cells and Table ITI 


TABLE III 


Cells in the Normal Human Bone Marrow 





Plate No. Karyotype formula 
l 22 (J.j)+19 (R.r)+0v+2 V=43 
2 16 (J.j)+26 (R.r)+1v+2 V=45 
3 44 
4 16 (J.j)+22 (R.r)+1v+2 V=4l1 
5 46 
6 20 (J.j)+17 (R.r)+2v4+2 V=4l 
7 21 (J.j)+17 (R.r)+2v+2 V=42 
8 20 (J.j) +19 (R.r)+5v+2 V=46 
9 26 (J.j)+16 (R.r)+2v+2 V=46 
10 18 (J.j)+23 (R.r)+3v+2 V=46 
11 21 (J.j)+20 (R.r)+2v+2 V=45 
12 20 (J.j)+19 (R.r)+3v+2 V=44 
13 24 (J.j)+24 (R.r)+0v+2 V=44 


16~26 (J.j)—16~26 (R.r)—0~5 v—2 V=41~46 


shows those of somatic cells in human bone-marrow. Namely, the chro- 
mosome complex of cancer-cells comprised of 18 to 26 Jj-shaped chromo- 
somes, of 10 to 20 rod-shaped elements, of 1 to 9 small V-shaped elements 
and of 3 to 4 large V-shaped elements. On the other hand, the somatic 
cells in bone-marrow comprise of 41 to 46 chromosomes and their karyotype 
formulae are characteristic in comprising of 16 to 26 Jj-shaped chromosomes, 
of 16 to 26 rod shaped ones, of 0 to 5 small V-shaped ones, and of 2 large 
V-shaped ones. As for the cancer-cells, the number of rod-shaped chromo- 
somes slightly decreases and that of small V-shaped ones increases a little. 
But what attracts our paticular attention is that as for the somatic cells in 
bone-marrow, large V-shaped chromosomes are two, namely show 2 V 
type, while as to the cancer-cells, they mostly show 4 V type, namely large 
V-shaped chromosomes are 4. Recently, Tjio and Ford”) have reported 
that the chromosomes of human somatic cells are not 48, as has ever been 
widely believed, but 46 or less. If the chromosomes of human somatic 
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cells are 46, the number of chromosomes of the highest frequency in human 
cancer-cells, observed by us, is 2 less than that of somatic cells because it 
was 44, while large V-shaped chromosomes are 2 more. This fact is full 
of significance and full of interest, but we are now making a further examina- 
tion of the number of chromosomes of normal somatic cells. As regards its 
results, another report is to be made. At any rate, it is very remarkable 
that as for the large V-shaped chromosomes, the number is generally fixed 
both in human cancer cells and in somatic cells in human bone-marrow, 
while the number of V-shaped chromosomes of human cancer-cells shows 
a definite increase. 


CONSIDERATION 


Recently Makino® has reported that the tumor cells in a serious of 
ascites tumors in rat are very remarkable in respect of both the abnormality 
of the division and the abnormality of the chromosome’s structure, com- 
pared with the somatic cells in normal rats, and morever the variation in 
number of chromosomes has been found to be great. However, he has 
made a further report that there are stemline cells of tumor which are 
chiefly conducive to the formation of the tumor. In our observed human 
cancer-cells, the number of the chromosomes is larger in variation than 
that of the chromosomes of somatic cells in the human bone-marrow, and 
in their constituent element the chromosomes of the former differ in some 
degree from those of the latter, but on the whole the chromosomes of human 
cancer-cells are almost close to those of human somatic cells, and both 
of them are not so different from each other. All this is thought as a proof 
of the fact that cancer-cells come from human somatic cells, and this fact 
has a great significance in reference to the origin of cancer. Therefore, it 
seems to be of great importance where exists the difference between the 
constituent element of cancer-cells and that of human somatic cells. In 
our observed human cancer-cells, the number of chromosomes ranged 
from 37 to 46, but what was especially high in frequency was the cell 
comprising of 44 chromosomes, and this cell can be thought a stem-cell of 
cancer which chiefly contributes to the formation of tumor. If the number 
of chromosomes in human somatic cells is not 48 but 46 or less as ‘Tjio and 
Ford have recently reported, the number of the chromosome of the highest 
frequency in our human cancer-cells is two less than that of the chromo- 
some of human somatic cell. Furthermore, when we compare the karyo- 
type of human cancer-cells with that of somatic cells of human bone- 
marrow, the human cancer cells comprise of 18 to 26 Jj-shaped chromo- 
somes, of 10 to 20 rod shaped ones, of 1—9 small V-shaped ones and of 3 to 
4 large V-shaped ones, and there is not so wide a difference between these 
two karyotypes. However, as to the large V-shaped chromosomes they 
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are two in the somatic cells in human bone-marrow, namely show 2 V 
type, while in the human cancer-cells, large V-shaped chromosomes are 
generally 4, namely show 4 V type and a definite increase in number of this 
type of the chromosomes is discerned. However, according to Makino’s®?” 
study in rats, among the group of stemline cells of Hirosaki sarcoma there 
are various cells, from 1 V type to 5 V type, and even in MTK-I sarcoma 
there are a variety of cells, from 1 V type to 3 V type. And according to 
Yoshida’s!” report, the V-shaped chromosome is not always found in 
every tumor cell and a certain sarcoma does not contain any V-shaped 
chromosome in his karyotype formula. Therefore, we cannot deny that 
there are other groups of stem-cells even in the human cancer-cells. We 
think this must be confirmed by further investigation. 


SUMMARY 


We made a karyological study of cancer-cells in ascites of a case of 
gastric cancer, complicated with secondary liver-cancer and cancerous 
peritonitis. The results of observation about the number of chromosomes 
and the karyotype formula are as follows: 

1. The number of the chromosomes of our observed human cancer 
cells ranged from 37 to 46 but most of them were between 44 and 46, 
especially a greater number of them being those containing 44. 

2. Comparing the number of chromosomes in our observed human 
cancer cells with that of the chromosomes of the somatic cells in human 
bone-marrow, we found the former vary a little more than the latter in 
number, but on the whole both of them were found almost the same. 

3. As for the karyotype formula, our observed human cancer cells 
comprised of 18 to 26 Jj-shaped chromosomes, of 10 to 20 rod shaped 
chromosomes, of 1 to 9 small V-shaped ones, of 3 to 4 large V-shaped ones. 

4. As regards the constituent element of karyotype formula of our 
human cancer-cells, our special attention is attracted to the fact that the 
number of large V-shaped chromosomes is generally fixed, namely only one 
cell shows 3 V type and all the others have four large V-shaped chromo- 
somes, and so they show 4 V type. 

5. As regards the large V-shaped chromosomes in comparing the 
human cancer cells with the somatic cells in human bone-marrow, the 
somatic cell is 2V type, while the human cancer cells show 4 V type, and 
sO an increase in number is found. 
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The abdomen of the patient. 





X-ray photograph of stomach of the patient. 


Liver biopsy. 
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Photo. 4. Macroscopy of the stomach of the patient. 
Photo. 5. Microscopy of the tumor of the stomach. 
\ 





Photo. 6. Macroscopy of the liver of the patient. 
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Photo. 7. Microscopy of the tumor of the liver. 





Photo. 8. The cancer-cells in ascites. 





Photo. 9. Chromosome complex of a human cancer-cells in metaphase 
configuration. 












Photo. 10. Sketch of Photo. 9. 





Photo. 11. Chromosome complex of a somatic cell in human bone- 


marrow in metaphase configuration. 


Photo. 12. Sketch of photo. 11 
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Sixth Report: 
The Group Mucopolysaccharide from Pig Stomach Mucus 
Acts as a Weak Toxohormone* 
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From the Medico-chemical Institute, Tohoku University, Sendai 
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It was already mentioned! that toxohormones are isolable not only 
from cancerous animal materials but also from the normal. The group 
mucopolysaccharide from pig stomach mucus has been found to be also 
one of the toxohormones from the latter sources. It depresses the liver- 
catalase to less than 75°, when its 5 mg. amounts are injected intra- 
peritoneally into mice. 


EXPERIMENTAL 
Preparation of the Group Mucopolysaccharide 


The product, which had been obtained from pooled pig stomach 
mucus according to Sinohara?), was purified as follows: 

10 g. of it was dissolved in 500 cc. of acetate buffer pH 4.6 and I 0.2, 
chilled on ice, and after addition of 410 cc. of abs. ethanol to 45°, (v v), 
stood in a refrigerator (0°C) for 3 hours. The centrifugate which amounted 
only to about 40 mg. was discarded. ‘To the supernatant was additionally 
added 205 cc. of abs. ethanol to 55%, and the mixture was placed in the 
refrigerator for 5 hours. The sticky centrifugate was reprecipitated twice 
from 500 cc. of the acetate buffer, washed with two 100 cc. portions of 
ethanol and 100 cc. of ether and dried in vacuo over anhydrous calcium 
chloride. 5 g. of a white powder was given here. 

Next, it was shaken with 500 cc. of 90% (vv) phenol (18°C) for 5 
hours. Centrifuged. The centrifugate was again treated with 90°, 
phenol in a similar manner, washed with abs. ethanol and ether and dried. 


Yield 3.2 g. 


* 223rd report of Masamune and co-workers’ ** Biochemical Studies on Carbohydrates.” 
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Properties of the Preparation 


The physical and chemical. 1) Electrophoresis. 1° solutions of the 
preparation were examined in a Tiselius apparatus (HTD-1 type, Hitachi) 
as to its homogeneity. As shown in Fig. 1, it gave a single boundary in 
either of acidic and alkaline buffers. 





Fy Anode Ase, Mnode 


Fig. 1. Electrophoresis patterns of 1°,, solutions of the preparation in a 
veronal-HCl buffer of pH 8.6 and I 0.1+ NaCl (0.2 M) (A) and an 0.2 M ace- 
tate buffer of pH 4.6 (10.2) (B). Current 5 mA; temperature 15°C; ex- 


posed 60 minutes after starting current. 
2) Ultracentrifugation®. An ultracentrifuge Spinco (Model E) was 
used. A 1%, solution in phosphate buffer pH 7.0 and I 0.15 gave one 


symmetrical boundary after 32 minutes of centrifugation at 58,000 r.p.m. 
at room temperature. See Fig. 2. 


A B 





Meniscus Meniscus 


« < ue 
Centrifugal Centrifugal 
force force 


Fig. 2. Sedimentation diagrams of a 1°, solution of the preparation in 
phosphate buffer pH 7.0 and 10.15, showing initial boundary (A) and_ the 


boundary after 32 minutes (B) at full speed 58,000 r.p.m. 


3) Optical rotation. 
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4) Test-tube tests. Molisch and direct as well as indirect Osaki- 
Turumi resulted in positive. Biuret negative. 
5) Quantitative composition. See Table I. 


TABLE I 


Composition of the Preparation 





Analysis In per cent 
N* 4.0 
Glucosaminet 26.6 
Galactosaminet 1.7 
Galactoset 28.6 
L-Fucose§ 13.7 
Sialic acid// 3.4 
Ash€ Pe 
* Micro Kjeldahl. + Masamune and Yosizawa®. ¢ Masamune 
and Sakamoto (HR, reaction)’. § A modification of Dische and Shettles 
method!?, // Werner and Odin (Ehrlich reaction)!” ; Calcd. as C,,H,;yNO,, 
(325) (Cf. Blix et al.)!®. { Pregl method without use of H,SO,. 


The biological. 1) Group potency. The glass plate method of 
Masamune ef al.4) was applied, employing 1° suspensions of red cells in- 
stead of 5% suspensions and diluting the goat- and eel-serum to titer 4 
instead of 16 before use. The result is shown in Table II. 


TaBLe II 
i Inhibition of Hemagglutination by Antisera of the Preparation 
Anti-OS: an anti-OS saliva chicken serum. Goat: a normal anti-O 


goat serum. Anti-E: an anti-O eel serum. 





Dilution of the substance (1:10* » 


Anti-serum Red 
om 1 2 4 8 16 32 64 128 256 512 1024 204 ~ 
a A 4 44 4 arty 
B B Hed a a wo aa tt 
Anti-OS O . n i 44 4 du 4 rm rr 
Goat oO 4 44 du Hi 4 uy 
Anti-E oO = 4 iw 44 at 


2) KIK potency (anemia-inducing potency). It did not cause 
anemia within 5 hours, even when injected into rabbits intravenously in 
dosage of 3 mg. per kg. body-weight. Cf. the preceding articles of the 
series of investigation of KIK factors!):*)-*). 


3) Toxohormone activity. Regarding this potency, it was ex- 
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amined in the manner Masamune ¢ al.) described. 


TasBLe III-A 
In vivo Effect of the Preparation on Liver-catalase 


The average volume of O, evolved for each dose in each test-set is ex- 
pressed in per cent of the corresponding O, volume in the blank control. 








N F Amount of the substance injected (mg.) 
No. of test-set = : 
— 5 3 1 0.1 
1 12 72.8 84.3 95.1 
2 12 65.0 82.2 86.7 
Bb 12 68.1 68.8 77.4 
4 9 63.2 82.2 
5 9 Fb Ss 85.6 
6 6 73.0 
7 6 72.3 
Depressed catalase 0.69 0.76 0.80 0.91 
activity ce j : . 
TABLE III-B 
In vivo Effect of the Preparation on Kidney- and Blood- 
catalase 
5 mg. amounts of the preparation were injected into mice. Liver-catalase 
activities were also determined for comparison. 
No. of mouse Kidney Blood | Liver 
Oxygen evolved (cc.) in blank experiments 
101 4.1 1.3 11.0 
102 3.7 1.0 11.9 
| 
103 . 4.0 0.7 11.5 
Average I 1.0 21.5 
Oxygen evolved (cc.) in main experiments 
104 4.8 S| 8.3 
105 4.3 0.9 8.0 
106 3.6 L3 | 8.6 
Average 4.3 ee 8.3 
(% of the control) (103) (110) (72) 


E 
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I{I-C 


In vitro Effect of the Preparation on Liver-catalase 


TABLE 


0.3 cc. of the liver homogenate was incubated with 1.5 cc. of a solution 


containing 5 mg. of the preparation at 20°C for 1 hour. 





Liver catalase activity (oxygen evolved in cc.) 


No. of mouse Control I Control II Main 
(No incubation) (Incubated without) (Incubated with 
the substance) the substance) 
111 20.0 20.0 20.0 
112 10.0 9.0 8.9 
113 20.0 16.5 17.3 
16.7 [5.2 15.4 
Average (101% of Control 
II value) 


Through the Grant Committee for Scientific Researches the Ministry of 
Education gave a grant in aid to us, which is gratefully acknowledged. H. 
Masamune. 
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Biochemical Studies on Carbohydrates 


CCXXIV. Oligosaccharides Separated after Acetolysis of the Group 
Mucopolysaccharide from Pig Stomach Mucus 
Fourth Report: ‘“ Gastro-trisaccharide ”’ 


By 
Hajime Masamune and Hyogo Sinohara 
eer =~) (te Vk = S& Iii) 
From the Medico-chemical Institute, Tohoku University, Sendai 
(Received for publication, September 2, 1958) 


Masamune and co-workers separated already two disaccharides N- 
acetyllactosamine!”) and gastro-N-disaccharide®) and one trisaccharide 
gastro-N-trisaccharide* after acetolysis of the group mucopolysaccharide 

from pig stomach mucus. Recently, they®) examined the conditions how 
to raise the yield of oligosaccharides after acetolysis of Molisch-positive 
mucopolysaccharides, and found that the purpose is met most effectively if 
a mucupolysaccharide is peracetylated in advance and acetolyzed with 8% 

H,SO, at 20°C for 15 days. The writers have resumed work to isolate as 

many oligosaccharides constituting that group mucopolysaccharide as 

possible by applying the procedure preferred. ‘The present account deals 
with a trisaccharide composed of two molecules of galactose and one 
molecule of L-fucose, which has been separated from one of the eluates of 
the deacetylated acetolysis products adsorbed on a charcoal column. One 
of the galactose residues stands at the reducing terminal, because it is 
oxidized with alkaline iodine. The t-fucose residue is cleft off with alkali, 
while the other galactose residue than the one above is not. These facts 
suggest that the trisaccharide has structure I or II. 





1G 
1G—!1G—'F or 1G 
if 
I II 
' G: galactose. F: t1-fucose. 


This trisaccharide is simply named “ gastro-trisaccharide ” in distinc- 
tion from gastro-N-trisaccharide containing hexosamine in the molecule. 
EXPERIMENTAL 
Material 
The group mucopolysaccharide was prepared in the manner described 
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in the preceding article®. 


Isolation of Gastrotrisaccharide 


15 g. of the material was subjected to preliminary acetylation, acetoly- 
sis under the preferable conditions mentioned above, deacetylation and 
charcoal chromatography in turn according to Masamune e¢ al.5) And 
the deacetylated acetolysis product, which amounted to 12 g., was taken 
up in 50 cc. of water, added to a 5 x 30 cm. column of charcoal and eluted 
successively with water and ethanol solutions of various concentrations. 
The volumes of the eluents and the yields of the eluates (divisions) are shown 
in Table I. After paper chromatography (The procedure was also the 


TABLE I 
Yields of Divisions of Deacetylated Acetolysis Product of 
the Material 





No. of Eluent 
division Yield (g.) 
(eluate) Kind Volume (i.) 
I Water 6 1.60 
I] ” + 0.61 
III ” 6 0.12 
IV 2.59% ethanol 10 0.95 
Vv 5%» 10 0.93 
VI 7.5% » 10 0.90 
Vil 10% =» t 0.98 
VIII 20% » 7 3.01 
IX 30% =» 6 1.03 
xX 50% 6 1.01 
XI 50°% acetone 6 0.50 


same that Masamune ¢e al.) applied), either of Div. I and II gave three 
spots at the positions corresponding to L-fucose, N-acetylhexosamine and 
galactose, and Div. III only one single spot with Ruactose 1.33. The last 
division which was a white powder could not be changed crystalline despite 
of trials. It was gastrotrisaccharide. 


Properties of Gastrotrisaccharide 


1) Paper chromatography. Slivers of Toyo Roshi filter paper No. 3 
were spotted with a 200-500 portion of the preparation (Div. III) each 
and irrigated descendingly with various solvent mixtures. For indication 
was used Partridge aniline hydrogen phthalate reagent or Wallenfells 
T.T.C. reagent. Rg, values given are tabulated in Table II. 
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R¢y Values of Gastrotrisaccharide 





Solvent mixture R glucose R lactose 
Butanol-pyridine-water (5:3:2 by volume)* 0.57 1.33 
= laretatearetitc arid-ethanni.us Re Pe hs » 

n Buty lace tate acetic acid-ethanol-water (3:2:1:1 by 0.48 1.72 
volume) 
Methylethylketone-acetone-water (3:1:0.6 by volume){ 0.37 1.18 
Phenol satd. with water (25°C){ 1.49 1.49 
* Masamune and Yosizawa”?. t Hoégstr6m®?. t Dedonder®. 


2) Acid hydrolysis. 5 mg. of the preparation was sealed with 1 cc. 
of 1 N H,SO, in a tube and heated in boiling water for 5 hours. The 
hydrolysate was freed from the sulfuric acid by passing through a 1.5 » 
3cm. column of Amberlite IR-45 (OH form) and washed with 10 cc. of 
water. And the effluent and washing were distilled in vacuo to dryness. 
The still-residue was taken up in 0.1 cc. of water, and 0.03 cc. of the solu- 
tion was paper-chromatographed (Sliver Toyo Roshi filter paper No. 3; 
temperature 25°C; solvent butanol-pyridine-water (5:3:2 by volume) ; 
spray reagent aniline hydrogen phthalate). Spots were shown at the 
positions corresponding to L-fucose and galactose. Hexosamine was not 
detected. 

3) Quantitative analyses and optical rotation. The substance was dried 
to a constant weight in vacuo at 105°C over P.O, in advance to the deter- 
minations. The analytical figures given are embodied in Table ITI. 


_+0.158 x 100- 





[«]>(H,O) = =-+10.2° (no mutarotation). 
1.55 x 1 
TaBLeE III 
Composition of Gastrotrisaccharide 
Found Caled. for C,,Hg.O0,,(488.4) 
Analysis 
In per cent In equivalent In per cent In equivalent 
Galactose* 69.0 2.0 73.8 2.0 
L-Fucoset 32.4 1.0 33.6 1.0 
Asht 0 0 
Iodine use as glucose§ 30.2 36.9 
* Masamune and Sakamoto (HR,,)!®. + A modification of Dische 
and Shettles method!”. + Pregl method without use of H,SO,. § Macleod 


and Robison!”), 


4) Reducing terminal. 10mg. of the substance was dissolved in 3 cc. 
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of water, and 12 cc. of 0.02 N iodine was added. The mixture was alkal- 
inized with 0.6 cc. of 0.5 N Na,CO, and immediately placed in water-bath 
at 21°C avoiding light. After standing for 45 minutes, the reaction mix- 
ture was stirred with 3 g. of Dowex 50 (H form), filtered and washed with 
three 3 cc. portions. The filtrate and washings were combined, exhausted 
with seven 30 cc. portions of chloroform to completely free from iodine 
and distilled under reduced pressure to dryness. 6.1 mg. of a non-colored 
powder was given. It analyzed as follows. 


Found Calcd. for CygH 20,46 (504.4) 

Analysis In per In equiva- In per In equiva- 
cent lent cent lent 
Galactose* 30.5 0.98 35.8 1.0 
L-Fucoset 29.3 1.00 32.6 1.0 

* Masamune and Sakamoto (PHR,)!®. + A modification of Dische 


and Shettles method.!” 


Thus it was revealed that one of the two galactose residues stands at 
the reducing end of the moecule. 

5) Peracetylation. 80mg. substance was dissolved in 5cc. of dry 
pyridine and chilled on ice, and 3 cc. of acetic anhydride was added in small 
portions. The vessel was stoppered and stood at room temperature (20°C) 
for 2 days. The reaction mixture was then poured into 100 cc. of iced 
water under vigorous agitation, stood for 3 hours and extracted with 100 cc. 
of chloroform three times. The chloroformic solutions were washed twice 
with 50 cc. of 1 N HCl and twice with 50 cc. of 1 N NaHCO,, and after 
drying with anhydrous calcium chloride, filtered. The filtrate was dis- 
tilled in vacuo to syrupy consistency, covered with 3 cc. of n-butylacetate 
and placed in a refrigerator (0°C) overnight, when it turned into a cry- 
stalline porridge of long needles. The crystals were separated on a suction 
funnel. Yield 130mg. Recrystallization was effected twice from 50% 
ethanol] to contant melting point 240-242°C (decomp.). [a] (methanol) 
== +0.656 x 100/1.71 x 1=+38.3°. Mol. wt. (Rast): found 901; calcd. 
for C,;,H,.O,; 908.8. The product analyzed as follows. 


Analysis Found Calcd. for C3,H,g20.; (908.8) 
Acetyl* ' 48.0 46.3 

Galactoset 38.3 39.6 

L-Fucose} 17.5 18.1 

* Suzuki!?. + PHR, reaction of Masamune and Sakamoto, fA 


modification of Dische and Shettles!!. 


6) Alkaline hydrolysis. 10 mg. of the substance was dissolved in 3 cc. 
of 0.05 N Na,CO,, heated in a boiling water-bath for 3 minutes and 
quickly cooled in iced water. It was stirred with 2 g. of Dowex 50 (H 
form), filtered and washed with water. The filtrate and washing were 
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distilled in vacuo, and the dry still-residue was taken up in 0.1 cc. of water 
to paper-chromatograph 0.02 cc. of the solution (Solvent butanol-pyridine- 
water in 5:3:2 by volume, sliver Toyo Roshi filter paper No. 3, tempera- 
ture 25°C, irrigation descending, spray reagent aniline hydrogen phthalate). 
Two spots were indicated at the positions corresponding to L-fucose and 
unhydrolyzed gastrotrisaccharide, and in addition, one weak spot with 
Ryactose 1.55, which was probable galactosylgalactose, was shown. No 
spot of galactose was given. Namely, t-fucose is bound in gastrotrisac- 
charide by the aid of an alkali-unstable link. 


SUMMARY 


A trisaccharide composed of two molecules of galactose and one mole- 
cule of t-fucose has been isolated after acetolysis of the group mucopoly- 
saccharide from pig stomach mucus. One of the galactose residues stands 
at the reducing end, and the L-fucose residue is readily split off with alkali, 
IG 

suggesting structure 1'G—'G-—'F or IGS of the trisaccharide. ‘The tri- 
iF 

saccharide is named “ gastrotrisaccharide ”’. 

The expenses of this work were defrayed by a grant given from the Ministry 
of Education through the Grant Committee for Scientific Researches. H. Masa- 
mune. 
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Biochemical Studies on Carbohydrates 


CCXXV. Oligosaccharides Separated after Acetolysis of the Group 
Mucopolysaccharide from Pig Stomach Mucus 
Fifth Report: On Gastro-N-trisaccharide (A Supplement 
of the First Report) 


by 
Hajime Masamune and Hyogo Sinohara 
(E =) (fe Uk Se Iii) 
From the Medico-chemical Institute, Tohoku University, Sendai 
(Received for publication, September 2, 1958) 


Formerly Masamune ef al.’ isolated gastro-N-trisaccharide from the 
group mucopolysaccharide which had been separated from pig stomach 
mucus, and stated it to be N-acetylglucosamine-4-galactopyranosido-4-N- 
acetylgalactopyranosaminide after examination of the hypoiodite-oxidation 
product, metaperiodate oxidation, the negative outcome of Morgan-Elson 
test and so on. They, however, could not settle glycosidic form « or / 
of the galactose and acetylgalactosamine residues because of shortage of 
material. The present account deals with those points. 


EXPERIMENTS WITH COMMENTS 


1) Isolation of gastro-N-trisaccharide 

0.9 g. of Div. IV in the Fourth Report (Table I)” was added to a 
5 x 60 cm. column of a cellulose powder (Toyo Roshi Co., mesh 100-200), 
and after covering with a | cm. thick layer of the same cellulose powder, 
washed with 3/. of solvent mixture n-butylacetate-acetic acid-ethanol- 
water in 3:2:1:1 by volume® at a flow rate of 10cc. per hour. The 
eluate was collected in 15 cc. fractions, and the sugar contents were deter- 
mined by a minor modification of Gardell* aniline trichloroacetate method 
as follows. Namely, to 0.3 cc. of an eluate fraction was added | cc. of 
Gardell reagent for sugar test in organic solvents (Dilute 32 cc. of 8.5 N 
trichloroacetic acid with 50 cc. of ethanol, and after further addition of 
2 cc. of aniline, make up with ethanol to 100 cc.), and the mixture was 
heated in a boiling water-bath for 15 minutes exactly, cooled in water and 
diluted with 3 cc. of ethanol with following measurement of the extinction 
at 370 mu. 

Frs. 146-245 were mixed with 2 volumes of ether and shaken with 300 
cc. of water. The ethereal layer was separated and washed with 50 cc. of 
water. The watery layer and the washing of the ethereal layer were dis- 

65 





66 H. Masamune and H. Sinohara 


tilled in vacuo at 20°C with portions of toluene. The still-residue was 
dissolved in a small volume of 10°; ethanol, decolorized with charcoal 
and distilled in vacuo to a syrup. ‘The still-residue here was taken up in 
water, ethanol was added in small portions to slight cloudiness, and _ this 
mixture was placed in a refrigerator (0°C). Crystals in long needles 
appeared, which were filtered off with suction. The crude product was 
recrystallized twice from methanol. Yield 200mg. It had an Riactose 
value of 2.60 in an n-butylacetate-acetic acid-ethanol-water (3:2:1:1) 
chromatogram, developed descendingly on a sliver of Toyo Roshi filter 
paper No. 3 at 25°C. F.P. 186-187°C. [a]>(H,O)=+2.03 x 100/1.0 
x 1==+203° (at equilibrium). N (micro Kjeldahl) 3.66. Mixed melting 
point test with gastro-N-disaccharide (galactose-4-«-N-acetylgalactosami- 
nide)*®) showed no depression. 

Frs. 281-383 and Frs. 417-500 were also treated as above. From the 
former fractions was given 170 mg. of crystals (square platelets) with F.P. 
169-170°C and [a]f}=+28.1 x 100/1.0x 1=+28.1° (at equilibrium). 
Riactose in a chromatogram similar to above was 2.14. N (micro Kjel- 
dahl) 3.35. No depression of melting point occurred, when the substance 
was heated together with N-acetyllactosamine with one molecule of cry- 
stalline methanol®. From the latter fractions was given 165 mg. of crystals 
in thin long needles. Riactose in a chromatogram developed as above 
1.60. F.P. 273-275°C (decomp.). [2]p=-+1.50 x 100/1.07 x 1=140°. N 
(micro Kjeldahl) 4.78. Mixed melting point test with gastro-N-tri- 
saccharide” showed no depression. 

To remark, Frs. 1-145 contained but a trace of monosaccharides, Frs. 
246-280 no sugar, and Frs. 384-416 both N-acetyllactosamine and gastro- 
N-trisaccharide amounting to 160 mg. in total. 

2) Partial hydrolysis of gastro-N-trisaccharide 

150 mg. of gastro-N-trisaccharide was dissolved in 5cc. of 0.1 N 
oxalic acid and heated on a boiling water-bath under a return condenser 
for 20 minutes, followed by cooling in water. The hydrolysate was passed 
through a 3 x 10cm. column of Amberlite IR-45 (OH form) and washed 
with a small quantity of water. Then the eluate and washing were united 
and freed from cations by the aid of a 1 x3. cm. column of Dowex 50 (H 
form) in a similar manner. ‘The effluent and washing here were distilled 
in vacuo to dryness, and the still-residue was chromatographed on a 2.8 x 
60 cm. cellulose column with subsequent treatment of the eluate fractions 
strictly as in /). 

From Frs. 15-23 was given a still-residue weighing 15 mg. Paper 
chromatography processed as above indicated it to be N-acetylhexosamine. 

The corresponding still-residue of Frs. 25-33 weighed 23 mg. Paper 
chromatography gave a spot of galactose. 








an 
50 
eff 
alt 
lac 
dis 
ga 


Se] 
sa 


a- 


Ec 











| 
| 





On Gastro-N-trisaccharide 67 

And 21 mg. of gastro-N-disaccharide, 26 mg. of N-acetyllactosamine 
and 35 mg. of gastro-N-trisaccharide were isolated from Frs. 38-45, Frs. 
50-61 and Frs. 68-90 respectively. Identification of those compounds was 
effected as in the preceding section. 

In short, a part of gastro-N-trisaccharide was split into N-acetyl- 
glucosamine and gastro-N-disaccharide and another part into N-acetyl- 
lactosamine and N-acetylgalactosamine, that is, the trisaccharide has been 
disclosed to be N-acetylglucosamine-4-f-galactopyranosido-4-«-N-acetyl- 
galactopyranosaminide. 


SUMMARY 


From Div. IV in the Fourth Report of this series of investigation were 
separated gastro-N-disaccharide, N-acetyllactosamine and_ gastro-N-tri- 
saccharide as oligosaccharides. Gastro-N-trisaccharide has been establish- 
ed to have the structure of N-acetylglucosamine-4-$-galactopyranosido-4- 
a-N-acetylgalactopyranosaminide. 

Through the Grant Committee for Scientific Researches the Ministry of 
Education gave a grant in aid to us, which is gratefully acknowledged. H. 
Masamune. 


References 


1) Masamune, Yosizawa & Haga, Tohoku J. Exp. Med., 1956, 64, 257. 
2) Masamune & Sinohara, ibid., 1958, 69, 59. 

3) Masamune & Yosizawa, ibid., 1953, 59, 1. 

4) Gardell, Acta chem. Scand., 1951, 5, 1011. 

5) Sinohara, Tohoku J. Exp. Med., 1958, 67, 141. 

Masamune & Yosizawa, ibid., 1956, 64, 267. 

















The 


4, 








The Tohoku Journal of Experimental Medicine, Vol. 69, No. 1, 1958 


Interaction of Colored Stimuli in the Human 
Retina 
By 
Koiti Motokawa, Mitsuo Komatsu, Kei Watanabe and 
(AR JN GL) GJ, kz > x) (je oR a) 
Tadao Saito 
(am Me BR) 
From the Physiological Laboratory, Tohoku University, Sendai 
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INTRODUCTION 


A certain physiological effect called “ indirect induction ”’ is establish- 
ed by illumination with colored light around the illuminated area of the 
retina®), This effect remains unchanged for about 20 seconds unless the 
retina is reilluminated. However, the preestablished induction is wiped 
out when a second illumination is carried out with colored light comple- 
mentary to the former stimulus. This effect was called “‘ neutralization 
of retinal induction ””. 

Neutralization is a result of interaction between the preestablished 
induction and a certain propagated process called “ 
which originates in the area illuminated and propagates into the surroun- 
ding areas. The spreading induction caused by the second stimulus not 


spreading induction ” 


only neutralizes the preestablished induction, but also establishes its own 
induction which is, in character, complementary to the preestablished one. 
It has long been believed that two kinds of induction complementary 
with each other cannot coexist in one and the same retinal area, because 
they would neutralize each other. 

In the present investigation, it was shown that they can coexist under 


certain conditions without neutralizing one another. The mechanism of 


this interaction was analyzed further. 


EXPERIMENTAL 
Method 


Retinal induction can be measured by determining the electrical 
excitability of the eye before and after an illumination of the dark-adapted 
eye. Determination of the electrical excitability was carried out by the 
method described in a previous paper®?). Two complementary lights, 
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yellow (Y) and blue (B), were prepared by the use of suitable interference 
filters. Induction was tested after a flash of colored light, Y or B, by a 
combination of white test light, Wh, and an electric shock of 0.1 sec. The 
latter was graded to find the threshold strength for a just perceptible 
electrical phosphene. The duration of the flash used was 20 msec., and 
that of the white test light 2 sec. ‘To neutralize the induction caused by 
Y, a flash of B was interposed between Y and Wh. It was found that the 
interval between Y and B was important for neutralization. So it was 
systematically varied by means of a sector pendulum. The interval be- 
tween B and Wh was fixed at 2 sec. 

Test patches, Y, B and Wh were presented on a vertical screen stan- 
ding at a distance of 30cm. in front of the subject’s eye. Patches Y and B 
were 3 «3 mm? in size, while patch Wh was a circle of 1 mm. in diameter. 
The arrangement of these patches was different from experiment to ex- 
periment so that it will be shown in each experiment. <A small red light 
put in the neighborhood of Wh served as a fixation point. 


Results 


1) Coexistence of both sorts of induction caused by yellow and blue lights 

The effect induced by the flash of blue light is shown in the middle 
diagram of Fig. 1. In this figure the broken curve refers to the effect of 
the white test light alone. Percentage increaes of electrical excitability 
above the resting level are denoted by € and plotted against time after 
termination of the white test stimulus. The curve B-Wh refers to a similar 
change of electrical excitability caused by successive stimuli, B and Wh. 
The difference between both curves indicates the effect induced by B. The 
greatest difference of € at 3 sec. is designated a contrast effect (C.E.) and 
used as a measure of induction. 

In general, the C.E. increases linearly with log intensity of inducing 
light, but depends little on the intensity of Wh®, The C.E. decreases about 
exponentially as the measuring point, Wh, is moved from the margin of 
the illuminated area towards outside®). 

The induction caused by the flash of Y is shown in the lower diagram 
of Fig. 1. The Y-Wh curve has a maximum at 1.5 sec. The C.E. at 
1.5 sec. represents the magnitude of induction caused by Y. 

Next, Y and B were presented at an interval of 650 msec., and then 
their inductive effect was measured by combination of Wh and an electric 
shock. The result obtained is shown in the upper diagram of Fig. 1 (see 
the curve marked by empty circles). This curve is almost identical with 
the B-Wh curve in the middle diagram. ‘That is to say, there is no indica- 
tion of the induction due to Y. It may be supposed that the effect by Y 
was extinguished by the subsequent stimulus B (neutralization) so that the 
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Fig. 1. Curves of retinal induction. Ordinates: Percentage increases 
(2) of electrical excitability of eye above resting level. Abscissae: Time after 
end of white test light. Arrangement of patches and temporal sequence of 
stimuli are shown in insets where Y, B, Wh and S denote yellow flash of 20 
msec., blue flash of the same duration, white light of 2 sec. and electric shock 
of 0.1 sec. respectively. Intensity of Y was 743 lux, that of B 6,750 lux as 
measured before filters and that of Wh 67 lux. Broken curve refers to excita- 
bility curve for Wh alone. B-Wh curve was obtained by successive presenta- 
tion of B and Wh at an interval of 2 sec. Further explanation in text. 


effect by B alone can be seen. B was so strong (6,750 lux as measured 
before filter) that it not only neutralized the preestablished effect of Y, but 
also caused its own induction (overneutralization). 

A similar experiment was carried out with simultaneous presentation 
of Y and B under otherwise one and the same experimental condition. 
The result obtained is represented by the curve marked by dots. This 
curve is different from the former in that € values over 1.5 and 2 sec. are 
much higher. Hence it is also different from the B-Wh curve. The 
high value of £ at 1.5 sec. suggests that the effect by Y is remaining intact 
(cf. Y-Wh curve). As a matter of fact, the Y-B-Wh curve can be ex- 
plained quantitatively when it is regarded as representing an envelope of 
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both curves, Y-Wh and B-Wh. This fact indicates that both kinds of in- 
duction coexist, no interaction having taken place between them. Thus, 
no interaction takes place between inductions of complementary character 
under such a special condition. As will be shown later, it depends on 
spatial arrangements and time sequences of stimuli whether neutraliza- 
tion occurs or not. 

2) The time factor as a function of intensities 

In the preceding experiments neutralization did occur when Y and 
B were presented at an interval of 650 msec., but did not in simultaneous 
presentation. In order to see if there was any critical interval at which 
the neutralizing effect of B just failed, a series of experiments was carried 
out. The arrangement of patches was the same as before, but the time 
interval was varied systematically. In these experiments it was found that 
there existed a critical interval, and that it was about 500 msec. under the 
given conditions. This critical interval was found to depend, to some 
extent, on the intensities of stimuli. As a matter of fact, the relative in- 
tensity of Y to B is important as far as the critical interval is concerned. 
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Fig. 2. Critical interval as a function of intensities. Ordinates: Interval 
between Y and B. Abscissae: Ratios of intensity of Y to that of B. Dots in- 
dicate neutralization. Open circles indicate failure of neutralization and broken 
ones partial neutralization. 
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In Fig. 2 critical intervals are represented graphically as a function 
of relative intensities. In this figure filled circles indicate that neutraliza- 
tion occurred while open ones indicate failure of neutralization. As can 
be seen in this figure, the critical interval increases very slowly with in- 
creasing relative intensities, but a steep rise ensues when the intensity is 
raised above a certain limit. It is quite natural that the effect of Y re- 
mains long when the intensity of Y is so predominant that the neutralizing 
effect of B is not sufficient to wipe out the so strong effect by Y. 

3) The spatial factor 

In the preceding experiments the spatial arrangement of patches was 
fixed ; Y and B were 3 mm. apart, and Wh was presented half-way between 
Y and B. In the following experiments the positions of Y and Wh were 
the same as before, but B was presented at various distances from Wh on 
the extention of the line connecting Y with Wh. The results obtained are 
summarized in Fig. 3. Values of C.E. or magnitudes of induction are 
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Fig. 3. Dependence of neutralization on distance and interval. Ordi- 
nates: C.E., that is, magnitudes of induction. Abscissae: Interval between 
Y and B. Arrangement of patches and time sequence of stimuli are shown in 
insets. Zero value of C.E. means neutralization. 


plotted as ordinates against intervals between Y and B as abscissae. Gene- 
rally speaking, values of C.E. are about 20 so long as the interval remains 
below a certain critical value, above which the C.E. becomes about zero. 
Fig. 3 shows how different the critical interval is depending upon the dis- 
tance between Wh and B. By reconstruction from Fig. 3 the relation 
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between the critical interval and the distance was obtained and is repre- 
sented in Fig. 4. Neutralization and its failure are indicated by dots 
and open circles respectively in this figure. The full curve indicates that 
the critical interval decreases as the distance increases. It is to be noted 
that the critical interval becomes negative for distances greater than 23 mm. 
in this case. The negativity of critical interval means that the order of 
presentation of stimuli had to be reversed. 
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Fig. 4. Dependence of critical interval on distance between B and Wh, 
Y-Wh distance being fixed at 1.5mm. Ordinates: Interval between Y and B. 
Abscissae: Distances between Wh and B. Filled and open circles indicate 
occurrence and failure of neutralization respectively. 


Similar experiments were performed on another subject, and a similar 
result was obtained (sce Fig. 5). There is no qualitative difference between 
these results obtained from different subjects, although some quantitative 
difference can be seen. What is common to both subjects is that the 
critical interval decreases at first slowly and then more steeply as the dis- 
tance increases. It is to be noted that at the steeper part the curve is 
almost linear. This fact suggests that some factor directly connected with 
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Fig. 5. Explanation as in Fig. 4. Result obtained from different subject. 


distances determines this relationship. As will be analyzed below,{the 
conduction of spreading induction is the determining factor for this part 
of the curve. 

It has been believed that the preestablished induction by the first 
colored light is always extinguished by the action of the second com- 
plementary to the first, whatever the interval between both stimuli may 
be. From Figs. 4 and 5 it is apparent that what has been believed holds 
good so long as the spatial separation of both stimuli is greater than a cer- 
tain limit. The validity of the relation is lost with stimuli of limited spatial 
separation. The dependence of the critical interval on the distance will 
be analyzed in the following section. 


Discussion 
As has been stated above, the second stimulus presented at a short 
distance from the first cannot neutralize the induction caused by the pre- 
ceding stimulus unless it is given with a sufficiently long delay. The interval 
within which the second stimulus fails to evoke any response is generally 
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called a refractory period. The question now arises as to whether or not 
the present phenomenon belongs to the category of refractoriness. Within 
the critical interval the second stimulus is not effective in neutralizing the 
preestablished induction, but it can cause its own induction, so that both 
kinds of induction caused by the successive stimuli coexist (see Fig. 1). For 
this reason the present phenomenon cannot be regarded as a kind of re- 
fractoriness. 

For convenience of description we should like to propose a new term, 
an “inert period” for this phenomenon. The “inert period”? is the period 
in which the induction caused by the first stimulus cannot be neutralized 
by the action of the second stimulus delivered in close vicinity to the first. 
In such experiments as shown in Fig. 2 the critical interval may by regarded 
as representing the inert period, because both stimuli, Y and B, are separated 
by a very small distance. With stimuli separated greatly as in experi- 
ments of Figs. 3, 4 and 5 the time required for conduction of the action 
of the second stimulus should be taken into account. Therefore the inert 
period is generally different from the critical interval. 

As is shown in Fig. 2, the inert period depends little on the intensity 
of the stimulus provided that the balance between the intensities of both 
stimuli is not upset. For interpretation of the dependence of the inert 
period on the distance knowledge of spreading induction is required. The 
properties, especially the propagation velocity of spreading induction, were 
investigated in detail in a series of papers!>)®, In our experiments neutrali- 
zation is tested at point Wh which lies at a fixed distance of 1.5 mm. from 
Y, but at various distances from B. Neutralization at point Wh is a 
phenomenon of interaction between the preestablished induction and the 
spreading induction from B. The velocity of propagation is about 30 
mm./sec. when projected onto a vertical screen standing at a distance of 
30 cm. in front of the eye®)”. When the distance between B and Wh is 
30mm. on the vertical screen, the spreading induction from B will 
reach point Wh one second after presentation of B. The period of 1 second 
is certainly longer than the “‘ net inert period” at point Wh. Therefore 
neutralization will occur with simultaneous presentation of Y and B. 
For the spreading induction to reach point Wh within the “ net inert 


period”, B has to be presented prior to Y. This is the reason why the cri- 


tical interval for a distance of 30 mm. is negatives (see Figs. 4 and 5). 


In order to obtain the “ net inert period”, we have to correct the 
experimentally obtained critical interval for conduction times. The in- 
duction due to Y shows also some delay corresponding to the conditucton 
time over a distance of 1.5mm. This quantity, though small, should be 
included into correction. If by the ‘ net inert period ” is meant the time 
difference between arrivals of spreading inductions originating in Y and 








= OO J 


oO 














Interaction of Colored Stimuli aa 


B, the following formula will be obtained for it: 
Net inert period=critical interval—conduction time from Y-+con- 
duction time from B 
Values of “ net inert period ” calculated by this formula are summarized 
in Table I, where 29.8 mm./sec. was adopted as propagation velocity ac- 
cording to Katayama and Aizawa”. 





TABLE I 
Dependence of Critical Interval and ‘‘ Net Inert Period ” on 
Distance 
Subject: K.W. Subject: K.M. 
d Critical “Net inert d critical * Net inert 
interval period ” interval period ” 
(mm.) (msec.) (msec.) (mm.) (msec.) (msec.) 
LS 483 483 I 445 512 
4.5 483 588 11.5 413 745 
Pe 453 658 16.5 395 900 
11.5 333 668 2.9 183 855 
13.5 283 686 30.0 —58 897 
17.5 133 670 
21.5 58 730 
25.9 — 58 748 
30.0 — 158 797 


7 


As can be seen in this table, the “ net inert period ” depends on dis- 
tance d in such a manner that it increases slightly with increasing distances. 
This relation may be based on the circumstance that the arriving sprea- 
ding induction becomes weaker as the propagation distance increases (cf. 


Fig. 2). 
SUMMARY 


The mechanism of neutralization of retinal induction was investigated 
by Motokawa’s method of electrostimulation of the eye. By neutraliza- 
tion it is meant that an after-effect of a colored stimulus is extinguished by 
a second stimulus complementary to the former. 

1. When two complementary stimluli are separated by a sufficiently 
great Jateral distance, neutralization occurs at all values of the interval 
between both stimuli. 

2. When the separation of both stimuli is small, no neutralization 
occurs for time intervals shorter than a certain limit. For example, the 
critical interval was found to be 500 msec. for a separation of 3mm. on 
a plane at 30cm. from the eye. 
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3. The mechanism of this phenomenon was investigated, and it was 
elucidated that for a certain period after establishment of retinal induction 
the latter remains “inert” and suffers from no neutralization. This 
period was designated an “inert period ”’. 

4. Within the “inert period” the second stimulus is ineffective to 
neutralize the prestablished induction, but has the power to establish its 
own induction. Therefore the “inert period” cannot be a kind of re- 
fractoriness. In the “ inert period” both kinds of induction can coexist 
without neutralizing one another. 

5. The absence of “inert period’ for a greater separation of both 
stimuli is only apparent, because the “inert period” is over before the 
neutralizing effect (spreading induction) caused by the second stimulus 
reaches the point at which neutralization is tested. 
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INTRODUCTION 


Evoked potentials to sensory stimulation were studied at the cortex 
of the cat by a number of investigators such as Chang and Kaada", Bishop 
and Clare®’, Malis and Kruger®’, and others*)»), In these experiments 
components of the evoked potential were analyzed by various methods, and 
it was attempted to clarify anatomical counterparts of the components and 
the mechanism of potential generation. However, as to these questions 
opinions are still divided, and there are controversies also concerning 
relation of the evoked potential with the so-called dendritic potential, a 
similar potential caused by direct electrical stimulation of the cortex. 

It seemed more profitable to make experiments on some analogous 
tissue of much simpler organization. ‘The optic tectum of the fish represents 
an analogous tissue, so that in the present investigation evoked potentials 
were recorded from this tissue with the same method used as in the previous 
experiments. It is to be noted that after finishing the present work we 
found a similar report by Buser® on the evoked potential of the optic 
tectum of the catfish. 


EXPERIMENTAL 
Method 


The material used was the carp (Cyprinus carpio). The head was 
isolated, and the brain was carefully exposed. The optic nerve (O.N. in 
Fig. 1) on one side was exposed and isolated from the surrounding tissue. 

A pair of stimulating electrodes, silver wires about 100 4 in diameter 
and 1 mm. apart, was used. A rectangular pulse of 0.1 msec. from an 
electronic stimulator was applied to the optic nerve through the electrodes 
mentioned above. For recording of evoked potentials a wick electrode 
was placed on the exposed surface of the optic lobe (O.L.) while an in- 
different electrode was placed on an injured part of the brain. For re- 
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Fig. 1. Dorsal aspect of carp brain. C: Cerebellum. E: Eyebulb. 
O.L.: Optic lobe. OL.L.: Olfactory lobe. O.N.: Optic nerve. R, and 
R,: Position of electrode recording action potential of optic nerve and that of 
electrode recording evoked potential respectively. V.L.: Vagal lobe. 


cording intralaminar potentials of the optic lobe a 3 M KClI-filled micro- 
electrode of about 0.5 ~ was used, the indifferent electrode being the same 
as above. 

A preamplifier with cathode-follower input and a R.C. amplifier 
(time constant | sec.) connected with a cathode-ray oscillograph served as 
a recording system. No sign of deterioration appeared till 20 to 40 minutes 
after exposure of the brain in room temperature. 


Results 


1) Dependence of evoked potentials on stimulus intensities 

A series of records taken from the middle part of the optic lobe con- 
tralateral to the stimulated optic nerve is shown in Fig. 2. In this and 
the other figures the upward direction represents negativity of potentials. 
At a stimulating voltage of | V only a shock artifact is seen (top record in 
left column). Just above the threshold three positive and a slower negative 
deflections appeared. The two positive ones are much shorter in duration 
than the others so that they will be designated positive spikes. The third 
positive deflection is a few msec. in duration and the negative one has a 
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Fig. 2. Evoked potentials of optic tectum obtained with various intensities 
of stimulus. Negativity upward. Time mark 10 msec. Amplitude of the first 
negative deflection: 0, 0.5, 1.0, 1.0, 1.1, 1.1, 1.1 and 1.1 mV for respective re- 
cords. Stimulating voltages: 1, 1.3, 2.4, 2.8, 8, 12, 21.8 and 30 V for respec- 


tive records. 


long duration of about 10 msec. At 2.8 V there appeared a second nega- 
tive deflection (bottom record of left column). This kind of potential 
increased more rapidly with increasing intensities of stimulus than the 
first negative deflection so that it became predominant over the latter in 
the bottom record in the right column. In some cases the second negative 
deflection was followed by a slow positive one. 

The crest time, that is, the time from the onset of the stimulus to the 
crest of the first negative deflection (1) was found to be almost independ- 
ent of the stimulus intensity, but the crest time of the second negative 
deflection (II) decreased slightly as the intensity of stimulus was raised. 

2) Effects of repetitive stimulation on the components of the evoked potential 

The effect of repetition of the maximal stimulus was investigated. 
For records shown in Fig. 3 frequencies of repetition were 10, 20, 40, 60, 
70, 90 and 100 cps. respectively. As can be seen in this figure, negative 
components disappear at about 60 cps. while positive ones are little affected. 
The critical frequency over which the negative components cannot follow 
the stimulus depends greatly on the physiological state of the preparation. 





.. Motokawa et al. 





Fig. 3. Effects of repetition of stimuli. Amplification and time signal 
were the same as in Fig. 2. Rate of repetition was 10, 20, 40, 60, 70, 90 and 
100 cps. respectively. 

Fig. 4. Effects of d-tubocurarine (A), of strychnine (B) and of cocaine 
(C). Amplification as in Fig. 2. In A records from top downwards were 
taken before application of 10-* M d-tubocurarine, 1’, 4’ 15’ and 8’ thereafter. 
Bottom record was taken 2’ after removal of filter paper. In B time of record- 
ing was before, 30’, 1’ 30’, 2’ 30” after application, and 5’ after removal res- 
pectively. In C before, 30”, 1’ after application and 3’ after removal respec- 
tively. 


3) Effects of d-tubocurarine, strychnine and cocaine 

Series of records A, B and C in Fig. 4 illustrate the effects of d-tubo- 
curarine, strychnine and cocaine respectively. They were applied topical- 
ly, using pieces of filter paper soaked with solutions of these drugs. 

In A, the first negative deflection (1) is visible as a notch preceding II 
(note sweep velocity slower than in other records). The most striking 
effect of 10-* M d-tubocurarine can be seen in the 3rd record from top 
which was taken four and a quarter minutes after application of the drug. 
At this stage II is enormously increased. I is also increased, but to a 
lasser degree. ‘This facilitatory action which is sometimes called a “ stry- 
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chnine-like action ” of d-tubocurarine, is followed by a depressant one, as 
is shown in the 2nd record from bottom which was taken 8 minutes after 
application of the drug. In short, d-tubocurarine acts at initial stages 
facilitating, especially upon II and slightly upon I, but depressing at later 
stages. In contrast to the negative components, the positive ones are 
resistant to this drug. 

Strychnine (3%) showed a similar effect (see B). II was increased in 
height as well as in duration, while I was affected little just as the positive 
components. Chang’ investigated the effect of strychnine upon local 
cortical potentials of the cat, and found that the second negative deflection 
was increased selectively by this drug. 

As is shown in CG, local application of 4°% cocaine reduced all the com- 
ponents of the evoked potential. 

4) Action potentials of the optic nerve and the positive spikes of the evoked 
potential 

In order to confirm the presynaptic origin of the positive spikes, 
simultaneous recording of action potentials of the optic nerve and the evoked 
potential was carried out with arrangements of electrodes as shown sche- 
matically in Fig. 5. Records obtained at two different levels of stimulus 








Fig. 5. Simultaneous recording of action potential of optic nerve (upper 
records) and evoked potential (lower ones). Time mark | msec. Electrodes 
were placed in such a manner as shown in lower diagram. 


intensity, 2.8 and 10 V, are shown on the left and right sides. In the re- 
cords obtained from the optic nerve (upper records) two triphasic (positive- 
negative-positive) potentials can be distinguished. The later one was 
increased in height when the stimulating voltage was raised from 2.8 to 
10 V. It is apparent that they represent action potentials of two different 
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groups of nerve fibers having different conduction velocities. From the 
record for the lower stimulating voltage at which current spread was sup- 
posed to be sufficiently scarce, the conduction velocities of the two groups 
of fibers were calculated in such a manner that the distance between 
the stimulating and the pick-up electrodes was divided by the respective 
crest times of the two negative spikes. The so obtained values were about 
13 m/sec and 4 m/sec respectively. 

In the right lower record representing the evoked potential two posi- 
tive-negative sequences of potential can be seen, and they are, as usual, 
followed by positive and negative deflections, although the positive deflec- 
tion is not so deep in this case as in others. 

It is conceivable that these preceding two sets of potentials may be 
correlated with both triphasic potentials of the optic nerve. This inter- 
pretation is supported by the following observation: When a conduction 
distance was calculated from the time difference between the first negative 
spike of the action potential of the optic nerve and the corresponding one 
of the evoked potential, assuming the velocity obtained above, i.e. 13 m/sec 
to be valid for further conduction beyond electrode R, a value of 7 mm. was 
obtained. If the second negative spike corresponds with the second nega- 
tive spike of the evoked potential, the same conduction distance as obtained 
above will be obtained, assuming a conduction velocity of 4 m/sec, and this 
was really the case. This agreement of conduction distances calculated 
from different sets of potentials provides evidence that the two spikes of 
the evoked potential represent presynaptic events. 

Then the question arises as to whether or not the two negative de- 
flections I and II might be produced by the difference in conduction velocity 
in the optic nerve fibers. In reality, however, the time difference of both 
negative deflections can amount to 8 msec. in some cases, and such a value 
is obviously too great as a difference in conduction time. 

5) Intralaminar recording of evoked potentials 

The thickness of the optic tectum of the carp is usually 800 to 1000y. 
There is a layer consisting of presynaptic fibers at the surface (Fig. 6). 
The fibers of the optic nerve terminate around receiving cells (R.C. in 
Fig. 7), and make synapses with these cells. In the next layer there are 
large efferent cells (E.C.) and internuncial cells (I.N.)®®. These cells 
are supposed to make synapses with axons or dendrites of receiving cells. 
The deepest layer is called a nuclear layer which covers a layer of ependium 
cells in the wail of the ventricle (see Fig. 6). 

A microelectrode was inserted in steps of 100 4 from the surface and 
at each position a record was taken. Records in Fig. 8 were obtained in 
this way. As can be seen from the first and the second records in the left 
column, I decreased markedly on advancement of the microelectrode by 
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Fig. 6. Frontal section of optic tectum of Cyprinus carpio. 1. Stratum 


opticum. 2. Stratum fibrosum et griseum superficiale. 3. St. griseum cen- 
trale. 4. St. album centrale. 5 and 6. St. granulare. 
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Fig. 7. Schema of nervous connections in optic tectum. Numbers cor- 


respond with those in Fig. 6. E.C.: Efferent cells. I.N.: Interneurons. 


O.N. Optic nerve fibers. R.C.: Receiving cells. B.C.: Bischoff’s cells. 


100 «. The polarity of I was reversed at a depth of 200 , while no re- 
versal can yet be seen with II. In deeper layers both I and II were of 
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DEPTH (») 
Fig. 8. Evoked potentials at various depths from surface of tectum. Re- 
corded with steps of 100 ». Last record was taken again at surface. 
Fig. 9. Potential distributions of positive (3), first negative (1) and 
second negative (2) deflections along line perpendicular to surface of optic 


tectum. Abscissae: Depths from surface. Negativity upward. 


reversed polarity, while the crest time coincides exactly with that of the 
usual negative deflection at the surface. 

In Fig. 9 potential distributions of the positive (3) and the two nega- 
tive deflections (1, 2) along a line perpendiculr to the tectal surface are 
illustrated. No phase reversal occurs with regard to the positive deflec- 
tion, and it is apparent that IT changes its polarity at a deeper layer than 
does I. 


Discussion 


The marked susceptibility to d-tubocurarine and strychnine and failure 
to follow repeated stimulation at a high rate suggest postsynaptic origin 
of negative deflections. ‘Their polarity is reversed when the micro-electrode 
is inserted into a layer deeper than about 200 4. This fact may be so 
interpreted that synaptic excitation is located at the superficial layer with- 
in 200 « from the surface. It is this layer that contains receiving cells. It 
is almost certain that at least the first negative deflection represents synaptic 
excitation at these cells. They send their axons and dendrites towards 
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interneurons and efferent cells which are found abundantly in the next 
layer. While the superficial layer is a sink due to synaptic excitation at 
receiving cells, the deeper layers become a source. This circumstance 
provides explanation for the observed phase reversal. From the following 
grounds it is very likely that polysynaptic excitation underlies the second 
negative deflection: 1. Stronger stimuli are required to evoke this deflec- 
tion. 2. It is more susceptible to d-tubocurarine and strychnine than I 
(see Fig. 2). 3. With II phase reversal occurs at a deeper layer than with 
I (see Fig. 9). 

Bishop and Clare?) and Li, Cullen and Jasper*) found that phase 
shifts occurred of slow negative deflections at the cat’s cortex when a micro- 
electrode was inserted into the cortex, and interpreted these phase shifts as 
a result of conduction along apical dendrites. In the present experiment 
no such gradual phase shift could be observed ; instead the phase of the 
negative deflection shifted abruptly by 180°. Therefore our slow potential 
cannot be regarded as a potential variation produced by slow conduction 
along dendrites. It is more probable that our slow potentials belong to 
the category of non-conducting potentials such as synaptic or postsynaptic 
potentials as studied by Eccles and others!®. 

The origin of the positive deflection is not clear at present. It shows 
many properties suggesting presynaptic origin; for example, high resis- 
tivity to chemical agents and repeated stimulation, no phase reversal, etc. 
Further studies will be needed for elucidation of its origin. 


SUMMARY 


Evoked potentials to electrical stimulation of the optic nerve were 
recorded by a wick electrode and also with a KCl-filled microelectrode 
from the optic tectum of the carp. 

1. The potential consisted of two positive spikes of about | msec. in 
duration, a positive deflection of a few msec. and a negative one of about 
10 msec. The latter was followed by a second negative deflection when 
the stimulus was sufficiently strong. 

2. The negative deflections, especially the second, were facilitated 
at first, but depressed later by topical application of d-tubocurarine. The 
second negative deflection was augmented by strychnine. All the positive 
components were not affected by these drugs. 

3. The negative deflection could not follow repetitive stimulation 
at a rate higher than about 60 cps., but the positive components could. 

4. When a microelectrode was inserted into the optic tectum, the 
negative deflections reversed their sign at a certain depth. The depth 
of phase reversal was a little deeper with the second deflection. The 
positive components showed no phase reversal. 
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5. By simultaneous recording of the action potential of the optic 
nerve and the evoked potential it was confirmed that the two preceding 
positive spikes of the evoked potential are of presynaptic origin. 

6. Based on the findings stated above it was inferred that the first 
negative deflection represented synaptic potentials at receiving cells, and 
that polysynaptic excitation produced the second negative deflection. 


References 


1) Chang, H.-T. & Kaada, B., J. Neurophysiol., 1950, 13, 305. j 

2) Bishop, G. H. & Clare, M. H., ibid., 1952, 15, 201. 

3) Malis, L. I. & Kruger, L., ibid., 1956, 19, 172. 

4) Li, C.-L., Cullen, C. & Jasper, H. H., ibid., 1956, 19, 111. 

5) von Euler, C. & Ricci, G. F., ibid., 1958, 21, 231. 

6) Buser, Thesis, Univ. Paris. Masson Paris, 1955, Cited from Brown, M. E. The 
physiology of fishes. vol. II. Academic press Inc., New York, 1957. 

7) Chang, H.-T., J. Neurophysiol., 1951, 14, 23. 

8) Krause, R., Mikroskopische Anatomie der Wirbeltiere IV, Berlin and Leipzig, 1925. 

9) Kappers, C.U.A. & Fortuyn, 7. B. D., Vergleichende Anatomie des Nervensystems II 
Abschn. 2, Haarlem, 1921. 


10) Eccles, J. C., The neurophysiological basis of mind. Oxford, 1953. 











Th 





ng 


rst 


nd 








The Tohoku Journal! of Experimental Medicine, Voi. 69, No. 1, 1958 


Principle of Initiation of Impulse Applied to 
Phenomena of Conduction 
By 


Kazumi Yamagiwa 
om -— = 


From the Department of Physiology, Tokyo Medical and Dental 
University, Yushima, Bunkyo-ku, Tokyo 


(Received for publication, September 6, 1958) 


The relation between an active length x and the resting length y to 
be excited by x is expressed by the following equation!” : 


OE UY isch arscisnsccaeninnecinmeneeenivin (1) 
k, k’, length constants of resting and active membranes respectively ; 
: ena, Jee, ; : . 
(safety factor of excitation) = — = -3; V, action potential ; S, threshold 
y S Pp ] ] 
> t& 


voltage ; fm, 1s, Membrane resistance and threshold current, respectively, 
for unit length of fibre. 

Now, for initiation of impulse, two conditions are required to be 
satisfied”) : 

1) Type I of y-x-curve (Fig. 1), crossing the 45° line at x=L and M, 
and 

2) Simultaneous excitation of “ L” (Fig. 1), that is, 4t=t,-tp < D 
(to, response times at points x=0 and x=L; D, duration of activity 
at point x=0). Of these two, which together we call here the principle 
of initiation of impulse, the former is well established in normal fibres®, so 
usually the latter is the only requirement. ‘This principle was shown to 
be very useful for explaining a number of facts concerning electric excita- 
tion’-®), The present paper describes how well the principle or the original 
eq. (1) operates in various phenomena of conduction, in more details or 
more exactly than before”. 


I. Transmission as the Basis of Conduction 


The propagation in unmyelinated fibres is certainly continuous. In 
view of the present principle, however, an active length larger than L 
exciting another length larger than L (that is, a discontinuous transmission 
from length to length) must exist throughout as the basis of continuous 
conduction.» A functional significance of the so-called action length, at 
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Fig. 1. y-x-relation, schematic. x, active length; y, resting length to 
be excited by x; Py.o, Py.sy, potentials at y=0 and y=y respectively; /=> 
0.1, L=:0.11 and M11 mm in case k=5 mm, k’=1 mm and f=10. 


least of a portion near the front, is appreciated from this view-point. It 
is interesting to note that in Lillie’s nerve model in particular conditions 
(for example, electrotonus) where the activation wave proceeds decre- 
mentally, the wave fails to conduct when the wave length gets down to a 
certain small value.” 

In myelinated fibres, the so-called action length has almost nothing 
of this function, because the action current as stimulus is scarcely strength- 
ened by multi-nodal activity®®. But, what is important here is the action 
length in the nodal membrane itself, where, too, a certain ‘‘L” exists 
highly probably (see App. 1, note 1). Whether the excitation produces 
a spike or not, depends upon whether L is wholely or partly excited. 
Details will be stated later. 


II. Safety or Initiation of Propagation of Impulse 


1) Judgement from _y-x-relation 
The mathematical condition for establishment of type I of y-x-rela- 


‘ a — eee - . ’ 
tion is f= K (i+ K)"+8)/K (K=k/k’)®); hence, the establishment is the 


. V r. . 
safer, the larger f and K or the larger S and —™, are, if assumed k= 
Tm 
r /r , : , , 
[tm and k’=,/°™ (r,,’, active membrane resistance for unit length). 
‘ rj V rj é 


The high values of these quantities in normal state, satisfying the condition 
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with ample reserve, may be appreciated in this view.) Reduction of these 
values, if occurs, will reduce the safety, modifying type I towards II. 

2) Judgement from the safety factor of propagation, F 

F is a direct measure for the safety under consideration and is known to 
be so large as about 5*) in normal myelinated fibres. Now, in the present 
theory, conduction is distinguished from excitation, hence the safety factor of 
conduction, F, from that of excitation, f- How is then F related with f 
generally, and how does it change in abnormal conditions ? 

Let us consider the later stage of conduction, where the action length 
is fully developed, accordingly, x>k’. Then, for unmyelinated fibres, 
eq. (1) turns into 
V, Vt& V 


=——™ In ——) =COMST. .........c0000. (2) 
f Tj I'mls 


y=kiIn f=kin 


Now, y for i! should be L, so 


V 


L=kingg ; 


eL/k (=m) —f, hence, Fat pnesileuonen (3) 


Normally, m is just slightly larger than unity (see App. 1, note 1), hence 
F=f, that is, f can represent F. 
In myelinated fibres, practically just one active node acts as the stimu- 
7, ' , 
lator as stated above; and y for 7 should be (d+L)d (d, internodal 
length). Hence, from eq. (1) 


d kan OS RI iis epssnsecessunceansonsas: t) 


k., length const. of sheath membrane; d, internodal length; #=(l ‘); b, nodal 


breadth, =0.5 s)® 


Evidently, F< fgenerally. In frogs, for example, d=2 mm. and k,=:5 mm. 
(estimated from data in Stampfli’s table’), hence F50.7 f even if ¢=1. 
If adopted F=5 obtained by the air-gap method, then F0.5 f, because 
F=5 indicates f=10, if taken (internal axonal resistance) (nodal mem- 
brane resistance). In normal conduction, however, F must be much 
smaller, because 00.3, as will be stated later. 

Thus, the myelination generally changes F=f to F< /f. But at the 
same time, the length constant is enlarged practically from that of the nodal 
membrane (50.05 mm., estimated from Stampfli’s table”) to that of the 
sheath (=5_mm.). This will enlarge the conduction velocity, about which 
see next chapter. 

How F changes in abnormal conditions, will be seen from eq. (3) and 
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(4), respectively. 

3) Judgement from the liminal gradient 

The liminal gradient for initiation of impulse in frog’s myelinated 
fibres is said to be 0.1-1.0mV/msec.'” or 0.8-6 V/sec.!9 The value 
required from the present theory® is about the same with Tasaki’s.” Now, 
the gradient of the action potential in the rising phase is about 100 mV/0.1 
msec., that is, about 102%-times greater than the liminal. The safety 
of propagation in this view being thus almost complete, some reduction 
of the slope will not matter at all. Rudolph’s interpretation for the ob- 
served block! becomes then somewhat doubtful. The true cause of the 
block might have been some other event which took place simultaneously. 


III. The Conduction Velocity 


1) Unmpelinated fibres 

The eq. (1) represents the resting length y to be excited by x, but 
does not contain the time factor necessary for it. So, no discussion can 
be developed therefrom on the conduction velocity, v. However, if we 
confine our attention to the later stationary stage of conduction where 
y=const. (eq. (2)), we may represent the relative velocity by y itself, 
assuming the time factor constant. 

a) Relation to stimulation intensity and conduction distance. Eq. 
(2) indicates directly that as long as observation is made at distant places, 
y is determined by k and / only ; that is, that v is independent of stimulus 
intensity and conduction distance, as is well known since old times. 


; , ; ] 
b) Relation to fibre size. Let the diameter be R. Then, r,,0 Roh 


V 
oc -=const.; ac- 
r, 


m4s 


: ‘ 
R2? iicR; V=const. Hence kS,/ = ; f= 


cordingly y(v)<wR. This conclusion involves the assumption k= 
te , ; ‘ 

rs S4/ = (re, external resistance per unit length). Under the same 
iT te i 

assumption, Hodgkin’) too obtained vv R, which, prior to him, was 

verified experimentally by Pumphrey—Young!®. Hodes!” says, how- 

ever, that this is an experimental mistake, and the correct relation is v«R. 

The matter is not yet quite clear. 


c) Relation to membrane resistance. As a function of rm, y of 
Vv V ; 

--, that is, at f (—=—~) =e?+8*, under 
1, m?*s 

given V and is. It is note-worthy that this is not far from {10, which 
was estimated for the nodal membrane. 


Hitherto, large rm has been interpreted simply as a mechanism for 


eq. (2) attains maximum at r,, 
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enhancing v by enlarging k. The above consideration suggests that there 
is a limit in the validity of the interpretation. The point is that only the 
distribution of potential and not of the current as stimulus has been con- 
sidered. Unfortunately we cannot test the above conclusion experimental- 
ly, because we have no proper method of modifying just r,,, keeping 
other features unchanged. 

2) Mbyelinated fibres 

a) Relative v. The length constant k of a nodal membrane is about 
0.05 mm. while the breadth about 0.5 , as stated before ; hence, the poten- 
tial drop along a single membrane is just about 1%. We may neglect 
this drop and take a fibre as covered uniformly by a sheath membrane, as 
far as the current distribution is concerned. Taking just one active node 
as the stimulator as before, and supposing the internodal portion to be 
excitable too for convenience, we have from eq. (1) 


’ 
y=k,ln - iteRE Canticle (5) 
Eq. (5) is just the same in form with eq. (2), so that the arguments 
developed on relative v of unmyelinated fibres are available also for myelin- 
ated. Points of notice are that 1) activity takes place only at nodes inside 
y, 2) fis invariably that of the nodal membrane, so that 3) y, being simply 
proportional to k,, gives no maximum for variable sheath-resistance. 
Now, if k and / of eq. (2) are taken those of the nodal membrane, the 
equation represents y of an imaginary unmyelinated fibre which is covered 
uniformly by the nodal membrane. Introducing k=0.05 mm. and f=10, 
we have y=0.12mm. By comparing this with y of eq. (5), representing 
an actual myelinated fibre, we can clarify the role of myelination as regards 
v. Unfortunately, the correct value of k’, accordingly of # is unknown 
(see App. 1), so that theoretical evaluation of y of eq. (5) is impossible. 
However, we know the fact that excitation of a node jumps over 1-2 resting 
nodes!!:'®), ‘This shows that 4mm.<y<8 mm. or y=6 mm. in average ; 
in other words that y of eq. (5) is about 6 mm in actuality (The length of 
narcotized regions necessary for block-making is known to be about 6 mm, 
51 50, which, expressing that y(v) of an actual 
myelinated fibre can be, although not exact, about 50-times greater than 
that of an imaginary unmyelinated, makes us see how effective the myeli- 
nation is for enhancing v. It may be remembered here that squid’s giant 
axon and frog’s myelinated fibre are almost equally quick, inspite of the 
great difference in diameter (500:10) and the similar values of the action 
potential. 
On the other hand, F is reduced greatly by myelination, as stated 


too). Then we have 
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before. The myelination appears thus to be a means for enhancing v at 
the cost of F. 

b) The value of F. Introducing k,=5 mm. and y=6mm. into 
eq. (5), we have @fe!*. This introduced into eq. (4), together with 
k.=5 mm. and d52mm., gives FSe!-?-°452.1. The evaluation is never 
exact, but it should be noticed that F thus obtained is very much smaller 
than F=5 obtained by the air-gap method, which, checking the current 
leak from the internode, must have given a somewhat larger F than in 
normal conduction. Experimental examinations are desired. 


Note. From 0 f +e!-2=3 and f+10, we have 0+0.3. 


c) Absolute v. Hodler e¢ al.!® and Tasaki?® claimed that the inter- 
nodal conduction time is nothing but the time for potential spreading 
along an internode as a physical cable. They think that the reduction 
of v in low temperature is due to elongation of this time resulting from rise 
of the resistance. Certainly, some time must be needed for potential 
spreading, but the point is how much. If no time is spent at the nodes 
as they think, then v will be independent of the internodal distance, or 
rather larger in case of shorter internodal distance. Further, in the trans- 
mission via air-gap where about one half of the action potential is impressed 
upon the resting node, the measured conduction time is about 0.1 msec., 
that is, about the same with the actual one in normal conduction. This 
fact seems to indicate that the normal conduction time is largely, though 
not all, spent at the nodes for their excitations. If so, v should depend 
upon the internodal length. Let us examine it below, neglecting the time 
for potential spreading on purpose. 

Suppose the node N, excited (Fig. 2). The action potential, spreading 
as shown in the figure, acts upon the resting node N, with the intensity 
Pa. Taking the action potential constant for simplicity, we may regard 
the case as one of the direct current stimulation, where the equation 7I= 
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Fig. 2. Spreading of action potentia lalong a myelinated fibre, schematic. 
N,, active node; Ng, resting node; V, action potential; P,, Py, potentials 


at both ends of internode. 
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I, 
] = et a 
P, and P, (the smallest value of P, effective for propagation) respectively, 
we have 


(tStr)® holds for initiation of impulse. Replacing I and I, with 


P, 


7Pa (=7P, edk, =79V e-d a as BORE tla? tSt, 
° ° 7P 4 P; 
which gives t= «ln—4 =——gin (1— _ dik, 
, < a 2 aa dite 


' an : a doit 
We may take P;= 3 mV, because the rheobasic potential for initiation 


of impulse in node-to-node stimulation via air-gap is about 30 mV, and 
the nodal membrane resistance is about equal to the internodal axonal. 
Then, introducing «50.5 msec., V=100 mV, k,=5mm., 751 and 65 
0.3, we have 


d+b rs d 
— (6, nodal breadth) =— log (10.3 e@’5) 


The result of computation is as follows: 


d (mm) 6.5 ] 2 3 + 5 6 


(mm/msec) 2.9 5.0 Vat 8.8 8.3 6.8 ~ 2.3 


It is quite interesting and note-worthy that v has a relatively flat maximum 
at d=3mm. The obtained maximal velocity is too small compared to 
the actual, but it is probably because of the inexactness of the values of 
the physiological data employed, particularly of 9. If @ is taken 0.5 instead 
of 0.3 (which is not improbable), then we have v=20 mm/msec at d=3 
mm. Thus, in the light of the present theory, the myelinated fibres ap- 
pear to be provided with two efficient mechanisms as regards v, namely, 
1) {10 of the nodal membrane, showing that the membrane is made so 
resistent as to make 2 in it nearly maximal under given V and i,, and 2) 
a proper internodal length, enhancing v greatly, if not most, effectively. 


IV. Effect of Temperature 


1) Variation of D and its significances 

a) In the node-to-node stimulation in low temperature, V, remains 
practically constant, while the liminal gradient £, decreases enormously’?). 
As one of the possible causes, some reduction of m was supposed to occur 
in a previous paper®, but there was a confusion arising from mistaking 
V,-constancy as I,-constancy. 
I.(m—1) 

m7yD 


From I-,=mz7i," and p= (Amp/sec),*®) we have 
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V,=aWI,5aWwmi, (751, assumed) ...............eeeeeeeeees (6) 


and p= BED), Vel —D vot sec) (731, assumed)... (7) 
4 


W, al,, total resistance and current respectively in stimulating circuit ; 
a, proportionality factor. 


In low temperature, rm, and r; rise similarly (Qy)=2 for both)?”, 
hence, Wrm; accordingly, if Wi, increases (or decreases), then rmi, in- 
creases (or decreases) parallel with it, which in turn increases (or de- 
creases) m (see eq. (9)). As the result, V, must become larger (or smaller) 
in contradiction to the observed fact. In actuality, therefore, Wi, (rmi,), 
accordingly m, must remain about constant. If thus V,5const. and m= 
const., then £, should vary simply with D in inverse manner (see eq. (7)). 
This is in accord with D-prolongation in low temperature, which is large 
enough (Q1)+3.3”)) to explain the actual reduction of f; satisfactorily. 

b) Tasaki?®) observed hysteresis-effect of temperature upon #,, and 
Schriever*” some temporal variation of £, under constant temperature 
where V, and z (chronaxie) were constant. In view of the present theory, 
the observed facts on f; are comprehensive as resulting from delayed 
effect of temperature upon D, and the constancy of Vr and < as due to 
small effect of D upon these quantities (see eq. (6) above and eq. (7) in 
the previous paper*’). 

2) Reduction of v in low temperature 

As mentioned above, rm and rj change nearly proportionally, hence 
k*sconst. In addition, VSconst. and r,,sconst., accordingly f{=const. 
Therefore, we should expect y(v)Sconst. from eq. (2). If Fatt-Katz’s 
data (Qhom, =2-5 3 Qiori)=1-2) are adopted, y should be even larger in 
low temperature. In fact, however, v decreases greatly in apparent con- 
tradiction to the theory. In low temperature, however, the action current 
must be very weak, because V is practically unchanged while the local 
circuit resistance enormously raised. In addition, the stimulatory process, 
of whatever nature it may be, must proceed slowly. Tasaki?®) not only 
proved this slowness but also discovered that thereby the electrical quantity 
necessary for excitation increases enormously (Qi9=1.7). These together 
will lengthen the time for completion of stimulation, which should result in 
reducing v. It is interesting to note in this connexion that Q49(1.7) for 
the necessary electrical quantity above cited is about the same with Qy 
of v (1.8); further that D is prolonged, perhaps to supply ample 
time and energy for stimulation. 


We may say after all that ‘‘ y might be unchanged or even larger in 
low temperature, but the time necessary for exciting it will become larger 
to make v smaller.” The electrical nature of conducting stimulus has 
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been fully evidenced?®, but the process which follows the current flow 
must be of a complicated chemical or physico-chemical nature, which 
must be influenced by temperature a great deal. 


V. Block-making 


1) By electrotonus (E.T.) 

Modification of v under E.T. is well known, but precise discussion on 
it is impossible, because details are unknown about the changes of V, tm, 
rj, is etc. under E.T. of various intensities and durations. The only fact 
which can be treated with certainty, may be that of block which takes 
place in strong E.T. 

In strong C.E.T., a small rise of V; and a violent fall of V take place, 
while in strong A.E.T. a small rise of V and a violent rise of V,.2"?) As 
the result, F gets smaller and smaller until finally block occurs at F=1 in 


both cases. Now, r—/ (eq. (3)) and FSOfe4*s (eq. (4)) in un- 
a ; 
myelinated and myelinated fibres, hence block occurs respectively at f=m 
we : ~ ‘ 
and f5 9 e%k,, This means that / is still larger than unity by an amount 


at the moment of block, that is to say, conduction block in general is not 
always excitation block. 

2) By narcosis 

a) Unmyelinated fibres. First, consider a fibre wholely narcotized. 
As rm remains practically constant,’*?° k and perhaps k’ will do so, too. 
Then, as the result of V-, accordingly of (decrease, the type of y-x-rela- 
tion will change from I to II, and the conduction from decrementless to 
decremental to become finally just local.) The matter is the same when 
an impulse transits from normal to narcotized region, because there is no 
difference in condition except that the intensity of the stimulus acting upon 
the narcotized region is invariable. The length, X, of the narcotized 
part necessary for block-making is estimated from 


Ve- MHS; KEbiny—.....cceccesssscscossesessseseesees 8) 
m 


For the squid’s giant axon, for example, we have X214mm., if taken 
k56 mm., m1, and f=10 as in the nodal membrane. 

b) Myelinated fibres. The type of y-x-relation of the nodal mem- 
brane will change from I to II with progress of narcosis, but it is always 
possible to excite a “‘ whole” node by a proper stimulus. An impulse 
will be initiated as long as a node thus activated can excite the next ‘* whole ”’ 
node. The matter is the same in the case of transition from normal to 
narcotized region. Whether an impulse passes through or not depends 
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upon whether the activity of a narcotized node can excite the following 
narcotized node as a whole, or not. 

Now, in order that a node can excite the next node as a whole, the 
activity of the former must excite “‘ L” of the latter, and, furthermore, L 
must be smaller than 4, the nodal breadth. For, if L>4, the case of single 
node activity corresponds to that of x <L in eq. (1), so that no impulse can 
be initiated even if there were no internode. It seems certain that the 
normal L is smaller than 4, as stated before, but it will grow with progress 
of narcosis and tend to L24, to bring forth block at a certain stage. 

3) Cold block 

There are not sufficient data for discussing the matter quantitatively, 
so the arguement is only speculative. 

As stated above, reduction of v in low temperature is comprehensive 
as the result of elongation of the excitation time, but the fact of block not. 
For understanding this, we have to consider fall of f (=~) towards 

m *sS 

unity, because k remains about constant or gets larger in eq. (2), as stated 
before. Now, fall of f must be due to enlargement of r,, i,, because V= 
const. ; and, enlargement of r,, i, (that is, of r,, 7,), if occurs, enlarges W i, 
and m as stated before ; as a consequence, we should first expect rise of V, 
from eq. (6) in very low temperature. Next, enlargement of r,, 7, must 
be due to relatively less reduction of 7, in comparison to r,,-increase ; and 
relatively less reduction of 7, may possibly be due to relatively less prolon- 
gation of D in very low temperature. ‘Thus, experimental examinations of 
V, and D may be clues for clarifying the matter. 


SUMMARY 


The principle of initiation of impulse derived theoretically by myself 
was applied to various phenomena of conduction. As the result, many 
experimental facts could be understood or explained quite reasonably. 
A few suggestions were obtained, too. 


APPENDIXES 
1) Derivation of Py-. (Fig. 1, A) and the value of k’ 
For deriving eq. (1), it was first assumed?) 


P,-., potential at y=o; 


x 
Pyao=/ aV e*!/k dx, : 5: 
Yo “, proportionality factor. 


Introducing the condition Py» (for x—c)=V into it, we obtained P,-. 
=V (l1—e**). The method may be open to question, but the result 
seems to be reasonable, at least qualitatively, showing Py—, growing from 
zero towards a definite value, V. The point is the value of k’. If as- 
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Ge as ite im. | « bie at 
m =k,/ and +, for both squid’s giant axon and 
rj l'm I'm 40) 

frog’s nodal membrane, then we have k’=1 mm. for the former where k= 

6mm., and k’8 mw for the latter where k=50 w.Then, to have Py-.=V, 

x must be larger than about 5mm. in the case of squid, which seems 

doubtful. Further, in frog’s myelinated fibres where practically just one 


active node acts as the stimulator, we ought to have Py..=V (1—e°®*8) 


sumed k’S J 


0.06 V. If = >a (Tasaki-Freygang says that = <iq)» Py=. will 
be still smaller, which is evidently incompatible with F(=5) or f(10). 

Now, as to the nodal membrane, a much smaller k’ is obtainable 
from #30.3 evaluated before. Introducing this and 650.5 4 into @ 
1—e**’, we have k’S1.5 uw. We take this much more reliable, because 
it is based on the facts y=6 mm. and f 510 (see p. 93). 


Note 1. Taking L=:/ for approximation (see Fig. 1 and legend), we have L+=k’/f=0.15 pv 
from eq. (1), and m=eL/k e9.15/50=1.003 for e9.8/50==1.02 obtained before*. 

Note 2. The theoretical values of t,, 8,, t etc. were still in approximate agreement with the 
experimental, when corrected by adopting m=1.003. 

Note 3. The value of @ (+0.3), is backed up by facts, but Py (=8V) appears to be too small 
if judged from the resistance of the sheath membrane which is enormous compared to that of an 
active nodal membrane. The actual state of affairs is not clear, but possibly some juxta-nodal 
portion of the sheath may be much less resistent than the central portion. 

2) The value of m=e''« in general 
The factor m which plays an essential role in initiation and propaga- 
tion of impulse, may be termed the “ constant of propagation’. Its value 


“eé 


is determined by , , which varies according to conditions. It is very 


k 
small normally, so we may put m=14 = If taken LS f as above, 
"4a . 
then tal Fe that is 
Bis l oo faite a’ 
, (am—l)x« 7 (or yoy iii aelctas celal aie 9) 


, 


, k 
if assumed , constant. 


This conclusion is not exact but very interesting and important, 
showing that (m—1), accordingly f, (eq. (7)), is inversely proportional to 


f approximately. It also enables us to judge the gross tendency of m- 


variation in various conditions. 
3) Local response (L.R.) 
The so-called L.R. of nerve fibres discovered by Katz*® was first taken 
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as an all-or-none response of a minute area in connexion with Rushton’s 
theory*”, and then, after Marmont*®?, as a subthreshold activity of any 
area. The present theory has nothing to do directly with this problem, 
because it takes just the all-or-none activity of various areas into considera- 
tion. However, as stated and discussed previously”, the graded L.R. is 
well comprehensive as a spatial event inside L from the present theory, 
and, on the other hand, Marmont’s observation does not always prove the 
subthreshold activity. For, in stimulation of a large area as in Marmont, 
some “islands” of excitation will appear in weak stimulation as a result 
of physical and physiological ununiformities of the membrane, which, 
growing in number and area and thus giving graded L.R. as a whole, will 
suddenly be led to propagation and fusion at a certain stimulus intensity. 

Just recently, some very similar ideas have appeared, namely, the 
ideas of active “ spot” or “unit” or “ patch” presented by Grundfest,*” 
Tasaki-Hagiwara*” and perhaps also del Castillo-Suckling®». Grundfest 
argues that observed action potential should increase with number of 
active units, that is, with stimulus intensity. Perhaps the same thing is 
considered in del Castillo-Suckling who say that the gradation of the L.R. 
of a single node is “ quantal”’* ‘Tasaki-Hagiwara claim that, in the so- 
called threshold excitation, the total area of the active spots should attain 
a certain fraction of the stimulated area. In all of them, the activity of a 
spot is considered to be all-or-none. Evidently, they all think, after all, 
of an area of full-sized activity growing with stimulus, and to this they 
appear to relate the graded nature of L.R. Another point to be noticed is 
that each active spot is supposed to stand isolated. This is nothing but 
an expression of the idea that a too small active area cannot initiate an 
impulse. In these points, their ideas are just the same with mine. The 
only but not essential difference is that I took the current distribution un- 
uniform (expotential) and the membrane condition uniform, for simplicity, 
in usual method of stimulation. In other words, I considered of “ an” 
active area growing with stimulus, while they active spots growing in 
number. 

Nothing has been said about the dimension of the “ spot”, but pre- 
sumably it must be of an ultramicroscopic or a still smaller order. Besides 
such a fine structural unit, I imagine another, so to speak, “‘ functional ” 
unit, a certain assembly of the former, to exist”. Its dimension is sup- 
posed to vary according to conditions. The liminal length “ L”’, for 
example, may be one, and the node of Ranvier another, of the latter kind 


‘ 


of units, in respective senses. 

Finally, the possible dependence of the graded L.R. upon 
most simply understood in the following way: the measurement of the 
action potential is usually carried out under the flow of the local current 


** area ”’ is 
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covering active and resting regions. Even if an intracellular electrode is 
employed, the measured potential cannot exceed the so-called terminal 
voltage, which gets smaller with larger internal resistance of the source 
battery. It is then natural that the measured potential gets smaller with 
smaller active area, which possesses larger resistance. 

Besides such a L.R. of spatial nature, there might exist the so-called 
subthreshold activity, too. But in order to distinguish it from the former, 
it must be verified as an event in a final structural unit above stated, or 
at least a proper method must be invented for stimulating an area, minute 
enough to be uniform, under strict limitation. The final decision of the 
matter seems to be exrtremely difficult. 
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